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Tumor Agent Transformations in Amphibia* 


S. MerRYL RosE AND FLORENCE C. RosE 


(Department of Zoology, University of Illinois, Urbana, Ill.) 


INTRODUCTION 

There is a reciprocal relationship between tu- 
mor agents and cellular differentiation. A particu- 
lar agent may be introduced into only one type of 
differentiated or partially differentiated tissue. At 
the same time, an agent from a donor neoplasm 
will, when introduced into cells of a new host, not 
only induce rapid growth but also cause the host 
cells to become identical in appearance and in 
secretions to the donor cells. Some years ago 
Murphy (20) emphasized that these agents are 
concerned with cellular differentiation as well as 
with the initiation of abnormal growth. Murphy 
also pointed out the similarity of tumor agents to 
transformation agents of pneumococci. By 1914 
the Rous group had discovered three different tu- 
mors from which the agent could be removed (24— 
27). When these tumor agents were injected into 
muscles, it was noted that certain cells (possibly 
connective tissue cells) changed to resemble those 
of the tumor furnishing the agent. For example, 
one of the tumors, a chondro-osteosarcoma, caused 
cells lying within the muscle to produce the pe- 
culiar cartilage and bone of the type found in the 
original tumor. A tumor agent may be passed 
through many generations and in each induce the 
same peculiar cell type. This indicates that some- 
thing separable from cells can be added to other 
cells where it will be reproduced and at the same 
time direct the differentiation of the cells contain- 
ing it. 

Duran-Reynals demonstrated (10, 11) that tu- 
mor agents or viruses, as he called them, or micro- 
somes, as they are called by Claude (7), from the 
Rous Sarcoma I of chickens could not only trans- 
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form cells of ducks and other birds but that often 
during the reproduction of the particles in a for- 
eign host the particles were themselves changed. 
The work of Duran-Reynals demonstrated that 
the chicken tumor virus was converted to a duck 
virus when introduced into the latter species. Fur- 
thermore, when new kinds of tumors arose in other 
tissues, a new agent with the ability to direct dif- 
ferentiation towards that of the new type of neo- 
plastic tissue was obtained. 

Frogs and salamanders offer peculiar advan- 
tages for the study of the ways in which tumor 
agents act during cellular differentiation and tu- 
mor formation. First, as will be shown below, tu- 
mor agents from frogs can become part of salaman- 
der cells. Secondly, during limb regeneration in 
salamanders there is the opportunity to learn both 
the effect of tumor agents on regenerating cells and 
the effect of the regeneration process on tumor 
cells. Thirdly, the cells of frogs and salamanders 
are sufficiently different so that one may in most 
cases distinguish them. This is invaluable when 
trying to learn whether one 1s dealing with a trans- 
formed cell or a transformed agent. 


MATERIALS AND METHODS 
PROPERTIES OF THE ORIGINAL TUMOR 
The tumors used in this study belong to the 
class of Lucké renal carcinomas of Rana pipiens, 
from the Lake Champlain region (15, 17, 28). Ap- 
proximately 2 per cent of the full grown mature 
frogs of northern Vermont and adjacent Quebec 
have renal tumors. Often, especially in tumors in- 
duced by tumor agent in the laboratory, there are 
several loci of origin in the kidney. Figure 1 shows 
a frog with five separate loci. 
When carcinomas arise in the kidneys the renal 
tubule picture changes to a new and characteristic 
form. The change is one from a tubule with simple 
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epithelium to a solid cord several cells in diameter. 
The difference between normal tubules and tumor 
cords can be seen in Figure 2. As growth proceeds 
cords branch, and older cords may become cystic 
(Fig. 13) and be transformed to a more compli- 
cated pattern (Fig. 15). These photographs are of 
different tumors, but all stages from simple cords 
to complicated cysts may be found in different 
parts of one tumor. The growth pattern is a new 
and characteristic feature of this neoplastic tissue. 


SPECIFICITY OF TuMOR AGENT 


Either the injection of glycerinated tumor or of 
dried tumor powder or the transplantation of liv- 
ing tumor to the anterior chamber of eyes may 
induce a typical renai carcinoma in the frog (16). 
Lucké and Schlumberger (17, 28) observed that 
the renal tumor agent invariably produces renal 
tumors of the same type and not other kinds of tu- 
mors. The specificity of the agent is such that after 
transfer to a new frog it lodges only in renal epi- 
thelium. There the combination of agent and cell 
produces the characteristic new type of tissue 
which continues to grow until the host dies. 

Over the past 4 years, starting with natural tu- 
mors found in shipments of Rana pipiens from 
J. M. Hazen Co., Alburg, Vt., tumors have been 
routinely induced by transplanting bits of tumors, 
about 1 c.mm., into the anterior chamber of the 
eye. Approximately 30 per cent of the tumor im- 
plants grow in the anterior chamber after an initial 
period of regression lasting a week or longer. The 
implants which survive the initial period of regres- 
sion grow as long as 5 months. During the growth 
period the anterior chamber may be filled by the 
tumor, and adjacent normal tissues may or may 
not be eroded away. The grafted tumor always 
regresses after its period of growth unless the host 
dies before the time for regression. In almost all 
cases (we have seen but one exception in 48 cases), 
a renal tumor which takes and grows in an eye 
chamber induces a tumor in the kidney of its host. 
In all but two cases the grafted tumor regressed at 
the time the induced host tumor began to grow. 
In these two cases graft and host tumor persisted 
together for a few weeks, and then the graft re- 
gressed and disappeared. The induced tumors 
which are almost certainly composed of host cells, 
plus the agent from the graft, as demonstrated by 
Briggs (5), do not regress. All have grown steadily 
until the host died. Presumably, as has been sug- 
gested before (21), the host can in time produce 
antibodies against the cells of other individuals 
but not against tumor agents once they have be- 
come a part of its own cells in vivo. Tumors are 
rarely induced in host kidneys by tumor implants 


unless the implant takes and grows. 

Localization of the agent in kidney cells with 
subsequent production of the typical tumor and no 
other type of tumor is the rule when transplants 
are made within the R. pipiens from Alburg, Vt. 

Lucké (16) has shown that the Vermont agent 
will not produce tumors in Rana pipiens of New 
Jersey, approximately 500 miles away. Recent 
work by Tweedell! has shown that intra-ocular 
Vermont renal tumor grafts do not induce renal 
tumors in the more distant R. pipiens of Wiscon- 
sin, Illinois, and Kentucky. Rather fine genetic dif- 
ferences, so fine that the frogs of Vermont and 
Wisconsin are distinguishable only with difficulty, 
are sufficient to prevent the co-operation of Wis- 
consin renal cells and Vermont agent in the pro- 
duction of a tumor cell. 

These observations, along with those obtained 
on chickens by the Rous group and with those on 
mammary tumor agents in mice, indicate that a 
tumor agent when first obtained has very narrow 
specificity, growing only in a particular tissue of 
rather close genetic relatives. This was true of the 
Rous Sarcoma I agent before it had been passed 
through many chickens (24, 26). In the early days 
the agent would induce tumors in only very closely 
related chickens. Those of the same breed from the 
same farm were used in the first successful induc- 
tions by agent transfer. The tumor did not develop 
in birds of the same breed from other farms when 
they received the agent. Later, after transfers 
through many hosts, the agent changed and be- 
came much less narrow in its requirements for a 
host site. Some years later it would induce tumors 
in other breeds of chickens, and in ducks, guinea 
fowl, turkeys, and pheasants (12). As will be seen 
below there is great similarity between the changes 
in tumor agents of birds and amphibia. 


METHODS OF TRANSPLANTATION 


Ordinarily, tissues of adult Rana pipiens and 
adult newts, Triturus viridescens, are incompatible. 
Any frog tissue, including the renal carcinoma, 
dies and is completely phagocytized within a few 
days. Two methods have been devised for its suc- 
cessful transplantation (23). 

Small bits, usually measuring less than a cubic 
millimeter, were transplanted to the forearm into 
subcutaneous tunnels made by inserting the nar- 
rower blade of a pair of iridectomy scissors. An 
exit for release of pressure during the insertion of 
the graft was made at the proximal end of the sub- 
cutaneous tunnel in the elbow region. A piece of 
tumor, usually with a few grains of sulfadiazine 
powder, was inserted and made to lodge in the 


1K. S. Tweedell, private communication. 
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middle of the tunnel away from the surface 
wounds. Forty to 50 per cent takes were obtained 
when both the host and the bits of graft were 


chilled in ice during the operation, and when the 


host with its graft was transferred immediately 
after the operation to a refrigerator at 6°—7° C. 
and kept there for 2 weeks except for 15-minute 
periods 2—4 times a day, when they were allowed 
to approach and sometimes reach 20° C. 

Only two of 105 attempts to transplant the tu- 
mor were successful when the adult host and graft 
were not chilled during the operation, even though 
they were refrigerated after the operation in the 
usual way for the 2-week period. These results 
were checked histologically. Chill-grafted tumors 
can survive for at least 92 days after transplanta- 
tion, including 14 days at 7°C. and 78 days at 
20°-22° C. (Fig. 4). Like most of the tumors which 
survived for weeks, this one contained a fibrous 
coat secreted by the host. Two host fibroblasts 
with nuclei larger than the tumor nuclei can be 
seen in the upper left of Figure 4. Cells of newts 
are appreciably larger, tissue for tissue, than are 
cells of frogs. 

An easier way to establish the renal carcinoma 
in Triturus is to protect it with pyribenzamine. If 
the newts are kept in a solution of 5 X 10-° gm. of 
pyribenzamine/100 ml of 10 per cent Ringer’s so- 
lution for 2 hours before receiving the graft and for 
a few days thereafter, the operation may be car- 
ried out at room temperature. The percentage of 
takes has been approximately 75. Figure 3 shows 
a 21-day graft in a forelimb of Triturus. The epi- 
thelial tissue is the frog renal carcinoma exhibiting 
typical morphological appearance. As in most of 
these grafts, there are dividing cells (one at right 
center of Fig. 3) and also phagocytes of the host. 
The larger nuclei of the host are easily identified. 

No tumor cells could be found after 10 days in 
six newts which received transplants of the same 
tumor but which were not put in the pyribenza- 
mine solution until immediately after receiving 
the tumor implant. 

The short period just after transplantation is a 
critical one for the graft. Only if the tissues are cold 
or if pyribenzamine is already present at the time 
of transplantation do the grafts survive for even a 
few days. Once the initial critical period is over, 
the tumor graft can survive for at least a few 
weeks. Sometimes the volume of the tumor graft 
increases in the adult Triturus limb, but more 
often it remains the same for several weeks or 
slowly decreases. All have disappeared within 6 
months. Hosts kept in pyribenzamine continu- 
ously do not retain their tumor grafts longer than 
hosts with successfully established grafts not kept 


in pyribenzamine. Apparently, the antihistamine 
protects against initial reaction but not against 
acquired immunity. 


RESULTS 
Tumors Inpucep TrRITURUS 

The results are divided into three groups: ef- 
fects of grafts on adult newts, on the eft stage, and 
on regenerating tissues of both eft and adult. 

Grafts to adult Triturus—Four hundred and 
sixty full-grown adult Triturus received subcu- 
taneous grafts in the forearm. Twenty received 
intra-ocular implants, and 100 more received in- 
tra-abdominal injections of the anuran renal car- 
cinomas. In all cases there was no sign of grafted 
tumor a few months later, and in none, including 
90 which were kept under observation for a year, 
were tumors induced. Furthermore, as_back- 
ground for the results to follow, no natural tumors 
were found in any of the several thousand Triturus 
which were kept in our laboratory. Tumors in 
salamanders mi y be quite rare, and no natural tu- 
mors have been reported for the genus Triturus in 
the Schlumberger and Lucké catalogue (28). 

There was a different result in some cases either 
when the bits of tumor were grafted to adult limbs 
which were subsequently amputated through the 
tumor implant to test for regenerative ability or 
when the grafts were made to limbs of young efts. 

Grafts in regenerating limbs of adult Triturus.— 
A tumor graft (Fig. 5) may be seen lying in an 
adult Triturus forelimb between skin on the right 
and muscle on the left. The anuran tumor tissue is 
easily distinguishable because of the smaller nu- 
clei, prominent nucleoli, differences in staining re- 
action in hematoxylin-eosin-Azure II preparations 
and because of its typical cords. A section of the 
tumor used as the source is shown in Figure 13. 
Figure 5 is a longitudinal section through the am- 
putated section of the forearm extending distally 
from the amputation surface. This tumor implant, 
unlike most, had grown appreciably and at the 
time of amputation, 20 days after being chill- 
grafted, extended all the way from wrist to elbow. 
A large portion of the tumor lay proximal to the 
level of amputation in the stump. 

Grafted tumor lying in the region of regenera- 
tion blastema formation ioses its typical morpho- 
logical appearance, just as do all the normal tissues 
near an amputation surface during the formation 
of a regenerating blastema. In the particular limb 
under consideration, a blastema had formed, just 
as in 27 other limbs which received tumor im- 
plants at the same time. But in this one limb, after 
the blastema had formed at the normal time and 
the tumor as such had disappeared, neither growth 
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nor differentiation were externally visible. This 
unusual behavior prompted its removal and histo- 
logical study. In Figure 7 the persistent blastema 
is shown in median longitudinal section. It is nor- 
mal in appearance, showing, at the top of the pho- 
tograph, the epidermal wound cover and beneath 
it many mesenchymal type regeneration cells. At 
the base, new cartilage was forming. The unusual 
feature is thai an undifferentiated blastema should 
persist so long. Other regenerating limbs of the 
same series had reached well differentiated finger- 
bud stages. It is to be noted that cartilage had be- 
gun to differentiate in the persistent blastema. Ten 
days after amputation of the blastema, the first 
Triturus tumor we had ever seen was apparent as a 
protruding mound in the other forelimb—a limb 

wnich had not been operated upon. The tumor was 
composed of abnormally arranged chondrocytes 
and cartilaginous matrix continuous with normal 
cartilage of the distal head of the humerus (Fig. 
6). The chondrosarcoma lay above the distal end 
of the humerus in the photograph. It arose in the 
same region of the untreated limb as that in which 
regenerating cartilage and tumor graft had lain in 
the treated limb. The question arose whether the 
same tumor agent, formerly so limited in its affin- 
ity, affecting only renal epithelium of Rana pi- 
piens, could be recovered from the chondrosar- 
coma of the salamander. First, however, four small 
pieces of the tumor were subcultured for 6 weeks 
in limbs of other adult Triturus. Two of the sub- 
cultures regressed, and two maintained them- 
selves but did not grow, as is the case when am- 
phibian tumors are transplanted without protec- 
tion to other individuals in regions other than eye 
chambers. One piece, less than a cubic millimeter 
in volume, was minced and then blended for 5 
minutes in 50 ml. of Ringer’s solution at 20°- 
23° C. One ml. of the dilute suspension was in- 
jected into coeloms of twenty Rana pipiens of Ver- 
mont. Of these, ten survived for several months. 
One of the ten developed a tumor which was first 
observed 46 days after the injection. It arose as a 
protuberance at the distal end of the right tibia. 
As growth continued, the right tibia enlarged and 
became irregular along its entire length until it was 
about 25 mm. in diameter in the broadest region at 
the distal end. At the peak of the growth of the 
tumor the right femur was also slightly enlarged 
and irregular. In a few weeks blood vessels leading 
to the foot were partially blocked. At this time the 
limb with the larger part of the tumor was ampu- 
tated below the knee. The excess growth involved 
cartilage, bone, and a marrow-like tissue, as seen 
in Figure 8. Forty-nine days after the removal of 
most of the tumor, a skeletal growth arose at the 


base of the proximal phalanx of the fourth toe of 
the left foot. The animal finally died with a renal 
tumor 5 months after receiving the salamander 
chondrosarcoma, when almost all the kidney had 
been replaced by a typical renal carcinoma. The 
skeletal growths had almost completely regressed 
by the time of death. 

Two types of transfer were made from the | 
original skeletal growth of the frog at the time of | 
amputation. In the first type of transfer, small | 
pieces of the tibial growth were implanted into the | 
anterior chamber of the eye of three adult Rana | 
pipiens from Vermont. The grafts took and grew | 
in the eyes of the hosts after a latent period of 2-4 | 
months. Normal cartilage from the same limb was 
also transplanted to chambers of the eye where it | 
persisted for several months but did not grow. A | 
photograph of one of the growing skeletal tumor © 
implants shows a triangular osteogenic tumor — 
lying in the anterior chamber of a host eye (Fig. | 
16). Such grafts are well supplied by blood vessels — 
running in strands of pigmented tissue from the ~ 
iris. In this first generation of transfer, the non- 
Osseous components, cartilage and marrow, disap- © 
peared, and only bone grew appreciably. The one — 
shown in the Figure, like the others which grew, © 
increased to several times its original diameter at © 
the time of transplantation. All three of the ani- | 
mals within whose eye chambers the osteogenic — 
tumor grew developed renal tumors of their own | 
within 2 months of the time the implant in the eye | 
began to grow. A section of one of them is shown | 
(Fig. 15). These renal carcinomas appearing in © 
host kidneys were typical in appearance and in — 
growth rate and killed their hosts in 3-5 months. — 
None of twenty control frogs which had not re- 
ceived any transplants developed renal carcinomas — 
within the period of the experiment. All three of — 
the animals in which osteogenic tumor grafts were — 
successful developed renal carcinomas. Apparently ~ 
the agent inducing the typical renal tumors was © 
coming from an osteogenic tumor. : 

All nonautoplastic transplants, whether of nor- — 
mal tissue which does not grow in eye chambers, or — 
neoplastic tissue which may grow, finally regress. — 
The time for the beginning of regression of the ~ 
intra-ocular osteogenic tumor grafts was from 3 to — 
7 months. Before one of them had completely re- © 
gressed, it was divided into ten parts and re-im- © 
planted into ten more eye chambers. In only one — 
case did the second generation implant take and © 
grow, and the host in which it did was the only one 
of the ten in which a renal tumor developed within © 
2 months. It seems to be a general rule both for © 
small renal and for small osteogenic tumor implants ~ 
in eyes that only those implants which grow induce — 
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tumors in host kidneys. It was strongly suspected 
after these data had been collected that an agent 
which will induce a typical renal carcinoma had 
passed from a renal carcinoma of a frog to a 
chondrosarcoma of a salamander to a chondro- 
osteogenic sarcoma of a frog and had finally re- 
turned to renal epithelium of a frog where it in- 
duced the typical carcinoma (Chart 1). More con- 
clusive evidence that an agent can be part of tu- 
mor cells of a different tissue of a different species 
and yet retain enough of its original nature to in- 
duce the original type of tumor comes from an ex- 
periment in which transfer was made to larval 
salamanders, but this will be described after we 
have followed other transfers of the original osteo- 
genic tumor. 

A 5-e.mm. piece of the same osteogenic tumor 
which had provided the tissue transferred as intra- 
ocular implants was blended for 5 minutes in 200 
ml. of Ringer’s solution, and 0.4—0.6 ml. of the 
suspension was injected into the abdominal cavi- 
ties of 23 Rana pipiens of Vermont. Five of these 
showed localized skeletal growths within 23 days 
of the intra-abdominal] injection. The preparation 
was from a tumor at the distal end of a right 
tibia. The induced tumors appeared at the distal 
end of a left tibia in one frog, and in three other 
frogs primary tumors appeared at a locus in one 
limb and were followed by secondary tumors in 
the same locus of the contralateral limb. In one 
case the tumors arose at the joint between the 
third and fourth phalanges of the fourth toe of 
both feet. The one on the right foot extended 6 
mm. beyond the surface of the toe and the one on 
the left foot 3 mm. In a second frog the growths 
appeared between the first and second phalanges 
of the third finger of both hands and were approxi- 
mately 5 mm. in diameter. A third had both its 
metatarsal regions enlarged to approximately 
double the normal size. All three of these animals 
had no other tumors. 

All the induced skeletal tumors of this genera- 
tion, like the two of the former generation, were 
temporary growths and regressed within a few 
months. They arose more rapidly and grew more 
rapidly, but the affected cells died in time. 

It had seemed a strange coincidence when a 
chondrosarcoma had appeared at the right elbow 
of a newt shortly after regenerating cartilage and 
renal tumor had been together at the left elbow. 
Now, with these three cases of tumors appearing 
in bilaterally identical regions, it no longer seemed 
possible that we were dealing with simple coinci- 
dence. It appeared more likely that, after a tumor 
agent had entered cells on one side of the body, a 
new type of tumor agent might emerge. Part of the 


affinity of the new agent seemed to have been con- 
ferred upon it by the host cell, because it then was 
most likely to cause growth in similar cells on the 
other side of the body. Each of the tumors of the 
last generation was blended 10 days after it ap- 
peared, and such preparations of each were in- 
jected into abdominal cavities of adult Rana pi- 
piens. The concentration was higher this time— 
0.2-ml. injections of approximately 1 part tumor 
to 100 of Ringer’s solution. Of 80 frogs receiving 
injections of the various skeletal tumors, 45 died 
within 2 weeks. All but 2 of these exhibited local- 
ized histolysis and hemorrhagic areas. Many tis- 
sues in different frogs, but muscle more than 
others, seemed to be affected. All the tumors used 
as donors gave the same results. 

There was little evidence of affinity for skeletal 
tissue. There were four cases of localized tem- 
porary hypertrophy of skeleton, all in legs, but 
many tissues and organs all over the body were 
affected. In the skeletal growths hypertrophy be- 
gan within 3 days of the time of injection of 
blended skeletal tumor. All growths were tem- 
porary, lasting from 3 months to 10 months. Some 
of the tumors, particularly one which arose in an 
oviduct, were invasive sarcomas. Two others 
which began in mesenteries or peritoneum near the 
site of injection spread as sheets of neoplastic tis- 
sue over viscera and invaded them at points. A 
nodule in one such sheet is seen in Figure 18. In 
the same frog, liver, uterus, intestine, and kidney 
had been invaded. Partially disorganized kidney 
through which tumor had spread is shown in Fig- 
ure 19. Leg muscles of another frog were involved. 
Sections revealed anaplastic tissue composed of 
cells with large pale nuclei and large nucleoli. 
Wherever this tissue was present there was marked 
sarcolysis. On the left in Figure 20 are two muscle 
fibers, disrupted and partially dissolved. It ap- — 
peared either that the agents had lost their affinity 
for a particular tissue or that no specificity could 
be recognized when higher concentrations cause 
such widespread hypertrophy and histolysis. In 
the early days of this work bacteria were suspected 
of being the cause of the histolytic lesions. But 
that bacteria are not the causal agents of all or 
even most of the lesions follows from several facts 
which will be discussed after further presentation 
of data. The multiple effects of the agent modified 
by passage between frog and salamander and sub- 
sequently through frogs are similar to those re- 
ported by Duran-Reynals after modification of 
Rous Sarcoma I agent during transfer between 
chickens and other birds. 

Instead of a latent period of 2-3 months be- 
tween the introduction of the tumor and the induc- 
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Cuart 1.—Summary of tumors induced after transfer of a frog renal tumor agent to regenerating cartilage of an adult sal- 
amander. 
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tion of new ones, as had always occurred when an 
unmodified renal agent was used, hypertrophy be- 
gan in some cases within a few days. Cells were 
more abnormal, growth was more rapid, and many 
of the cells seemed to lyse just behind the growing 
front. In all cases, unless the affected animal died 
within a few weeks, the induced tumors regressed 
completely. The cells of the typical renal car- 
cinoma are more normal in appearance, grow more 
slowly, and never regress in the animal of origin. 
The agents used in this last generation of transfers 
induced rapid growth, but in all cases growth was 
followed by death of the part which had grown. In 
five animals marked localized histolysis was noted 
without previous hypertrophy. The places in 
which this occurred were bone of head, skeletal 
muscle of leg, and abdominal body wall near the 
site of injection. 

Grafts to young Triturus.—Pieces of another 
anuran renal carcinoma (Fig. 14) were trans- 
planted to forelimbs of eleven young efts not more 
than 2 months beyond the larval stage. No special 
precautions were taken to protect the grafts, ex- 
cept that hosts were kept at 7° C. for 1 day after 
the operation. Tumor grafts seem to have taken in 
eight of the eleven efts. Uncertainty arises from 
the fact that, although cells grow and spread from 
the region of implantation, they no longer have the 
appearance or the tissue form of a Lucké car- 
cinoma. These growths, presumably of frog cells, 
were readily transplanted to other efts but failed 
to grow in 40 adult Triturus. In one, the growth 
was established in the anterior chamber of a 
frog’s eye chamber and induced a renal carcinoma. 

Anaplastic tumors spread from the site of im- 
plantation in the forearm. The route was mainly 
subcutaneous, marked by spread of anaplasia, for- 
mation of pearls of viscous fluid surrounded by 
fibrous capsules. Occasionally tongues of tumor 
tissue deviated from the subcutanecus route and 
progressed through the muscle. Occasionally epi- 
dermal ulcers appeared above the spreading tu- 
mor. The tumor tissue, which in one case had 
spread to the cervical region, can be seen running 
almost vertically through the center of Figure 9. 
It is flanked on the left by muscle and on the right 
by skin. Another which had reached the head in a 
few weeks can be seen in the skin of the head (Fig. 
10). At the left lie skin glands ordinarily sur- 
rounded by dermis but which in this case had been 
replaced by anaplastic tissue. To the right is hy- 
pertrophied Triturus epidermis which had begun 
to ulcerate. Limbs of efts, like those of adults, re- 
generate even when tumor is present at the level of 
amputation. Tumor disappears during the reor- 
ganization, and in 20 of 23 cases regeneration was 


normal and the regenerates were maintained. In 
the other three cases, after amputation the limb 
stumps had passed through the stages of loss of 
distal organization, blastema formation, morpho- 
genesis, and growth, only to be followed by partial 
or complete resorption of the regenerate. One was 
fixed at a late stage in the process of reorganization 
(Fig. 11). The figure shows a section of a regener- 
ant which was beginning to suffer histolysis. The 
central region in Figure 11 is an area of destruction 
of recently regenerated tissue. A front of disrup- 
tion of regenerated cartilage may be seen on the 
right. Epidermis to the left is hypertrophied, and 
much of it is necrotic. 

One cannot decide until further tests are made 
whether the agent was transferred to Triturus cells 
during regeneration of eft limbs. However, in these 
young salamanders, in contrast to the findings in 
adults, tumors arose in host tissues distant from 
the site of implantation. In three efts tumors com- 
posed of host cells appeared in the wake of the 
spreading neoplasia. One was a myxosarcoma aris- 
ing in an axilla, and two were chondrosarcomas, 
one arising from a scapula and the other from a 
humerus (Fig. 12). 

The chondrosarcoma from the upper arm was 
used as a source of modified agent for a retest of its 
ability to induce renal carcinomas in frogs. 

It may be of interest in passing to note that, 
upon amputation through the middle of it, the 
chondrosarcoma completely disappeared from the 
limb stump and that all tissues including cartilage 
regenerated normally. A section of the regenerated 
elbow is shown in Figure 17. 

Small bits of chondrosarcoma were removed 
from the amputated limb and transferred without 
blending or grinding to anterior chambers of the 
eye of R. pipiens of both Vermont and Wisconsin. 
Whole cells were used in this experiment, because 
it was feared that, when excessive amounts of 
agent were released from disrupted cells in the 
former experiment, specificity might have been 
masked by more general effects. 

Typical renal carcinomas were induced in all the 
hosts, both from Vermont and from Wisconsin, in 
which the chondrosarcoma had been established. 
Only the Wisconsin series will be considered fur- 
ther. 

It is significant that renal carcinomas appeared 
in the only three Wisconsin frogs in which this 
second Triturus chondrosarcoma had been estab- 
lished. There had been 80 failures and no successes 
in trying to induce renal carcinomas in Wisconsin 
hosts by grafting Vermont renal carcinomas to eye 
chambers (28). Furthermore, although renal car- 
cinomas very much like the Lucké renal carcino- 
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mas of Vermont frogs do occur in Rana pipiens of 
Wisconsin, they are relatively rare. We have found 
only two in more than 2,000 frogs examined. None 
of several hundred Wisconsin frogs has developed 
a spontaneous renal tumor in our laboratory. An- 
other fact which greatly increases the probability 
that the recovered renal carcinomas were induced 
by an agent from the chondrosarcoma is that the 
Wisconsin hosts were only half-grown. We have 
never found spontaneous tumors in frogs so small. 
Altogether, the possibility that these tumors were 
not induced is exceedingly small. 

In this series, unlike the former, only renal tu- 
mors arose in frogs after the introduction of the 
agent from a salamander chondrosarcoma. How- 
ever, one of the renal carcinomas induced in a Wis- 
consin R. pipiens has been used as a donor of eye 
implants to R. pipiens of Wisconsin, Illinois, and 
Minnesota, and in all groups skeletal tumors have 
been induced. Of fifteen Minnesota frogs which 
had received an anterior chamber implant, one de- 
veloped a skeletal tumor; of ten from Illinois, two 
developed skeletal tumors; and two developed 
skeletal tumors out of a group of fifteen from Wis- 
consin. One of these two Wisconsin frogs has now 
developed a renal tumor two months after the 
intraocular implantation. The usual time for renal 
tumor induction is 2-3 months, and more may ap- 
pear later. One of the Wisconsin frogs had skeletal 
growths starting at both knees and in the right 
wrist. The right wrist tumor has been used as a 
source of tumor for implantation in eye chambers 
of other Wisconsin frogs. This skeletal growth, as 
did the one in the other series, caused hypertrophy 
and histolysis within a few days after implanta- 
tion. In the former series the tumor was blended 
before injection, and in this series, in order to 
escape immediate large doses of agent, bits of in- 
tact tumor were implanted in eye chambers. More 
died in the former series, but widespread effects on 
a variety of tissues were noted after both methods 
of transfer. Three of ten Wisconsin frogs died with- 
in 15 days after implantation after localized hyper- 
trophy, beginning at joints and spreading along 
long bones, was followed by hemorrhages in the 
same sites. Two of the frogs died from reactions 
beginning in phalanges and metatarsals, and the 
other which reacted to the wrist tumor implant 
died within 15 days of histolyzing growths of the 
two knees, the left wrist, and left metatarsal re- 
gion. A fourth frog died in 20 days with hemor- 
rhagic lesions without having shown any previous 
hypertrophy. The lesions, as is fairly common, 
were bilateral and, although not confined to the 
sartorius muscle, were predominantly located 
there (Fig. 23). This series is summarized in Chart 2. 


Quite similar transformations were noted in 
both series of agent transfers. In the first, the 
Lucké agent was first changed in regenerating 
salamander chondroblasts, acquiring an affinity 
for skeletal tissues while retaining its ability to 
grow in and induce tumors in renal epithelium. In 
the second series the same transformation of the 
agent was observed, but this time the original 
transformation occurred in chondroblasts or chon- 
drocytes of a young salamander. In both se- 
ries agents after growth in foreign tissue were 
noted more for their ability to cause cells harbor- 
ing them to lyse than for their ability to cause 
persistent growth of the host cells. The resem- 
blance of some of these lesions to bacterial lesions 
is striking. However, the lesions in this series in 
which tumor was implanted arose only in those 
hosts in which the tumor took and grew. If bac- 
teria were the causal agents, the lesions should ap- 
pear, at least occasionally, after any transplanta- 
tion, because bacteria are probably transplanted 
every time. The fact that the lesions in question 
did not appear at random after transplantation 
but only following growth of implanted tumor 
demonstrates that the causal agent is associated 
with the growing tumor implant and not with bac- 
teria which might enter the host with every trans- 
plantation. Furthermore, the histolytic type of le- 
sion did not follow implantation of all types of 
tumors. This type of lesion never followed im- 
plantation of an original unchanged tumor. Only 
when the agent had been a part of at least two tis- 
sues, and usually three, did it induce the histolytic 
type of lesion. This happened fairly regularly in 
three different series. 

Some of the lesions in question were those which 
appeared exactly contralateral to induced new 
types of growth. It is difficult to understand how 
this phenomenon, which occurred 6 times and in 
about 10 per cent of the cases, could be accounted 
for by a bacterial hypothesis. 


TRANSFORMATION DURING TRANSPLANTATION 
BETWEEN GEOGRAPHICAL RACES 

There is very little response on the part of tis- 
sues surrounding an eye chamber to an implant of 
a renal tumor when the cells of the tumor are from 
an animal of the same geographical region. The 
reaction of eyes of frogs from either Vermont or 
Wisconsin to a renal tumor from a frog of the other 
region is much greater, and very rarely can the 
tumor of one race be grafted successfully into the 
other race. This reaction between the relatively 
closely related frogs of Vermont and Wisconsin is 
much greater than the reaction between more dis- 
tantly related frogs (28). Eye chambers become 
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very cloudy, and iris tissue is very likely to invade 
the transplanted tumor within a few days when a 
Vermont to Wisconsin transfer is made. The inti- 
mate contact of host iris cells and implanted tu- 
mor is usually followed by destruction of the tu- 
mor cells, and no evidence of the release of an 
agent which will induce tumors in Wisconsin 
R. pipiens has been obtained. 

A Vermont renal carcinoma (Fig. 14), the same 
one which was used in the transfer to efts, was also 
transplanted to the eye chambers of frogs from 
Wisconsin. Within 2 weeks iris tissue had com- 
pletely encapsulated the tumor grafts. One was 
extracted 1 month after implantation in an eye 
from a Wisconsin frog and transferred to eyes of 
frogs from Vermont. In one case, after almost com- 
plete regression, rapid growth was resumed in one 
eye chamber of a Vermont frog (Fig. 21), but the 
tumor had changed. Instead of containing only the 
colorless elements of the original renal carcinoma, 
it now contained black cells as well, giving the 
growing tumor a gray appearance. A biopsy from 
the eye chamber is shown in Figure 24. The com- 
plex epithelium of the renal carcinoma now has, 
growing along with it, and as rapidly, pigmented 
cells of the iris. Small bits of this combination of 
renal carcinoma and rapidly growing iris elements 
were transplanted to some eye chambers of Wis- 
consin frogs. There was a strong reaction to the 
graft, and the implants in the left eyes had almost 
completely regressed within 2 weeks. In one to be 
considered further, a scar in the cornea through 
which the implant had been made was still visible, 
and a tiny piece of encapsulated tumor remained 
on the iris of the left eye at the end of 2 weeks; but 
a rapidly growing tumor was already apparent in 
the right eye. This eye had not been operated 
upon. The tumor arising either in the right iris or 
in an adjacent tissue was invasive and histolytic 
and reached the surface of the body between the 
eye and the ear (Fig. 22). This, like all the other 
tumors induced in tissues other than renal by a 
modified Lucké agent, grew very rapidly, was in- 
vasive, and finally became hemorrhagic and re- 
gressed. The cells of this particular tumor all died 
within a few days of one another. The tumor col- 
lapsed 14 days after it appeared, and the frog is 
still alive over a year later. 

This was the sixth time that a rapidly growing 
tumor had arisen contralateral to a point where a 
tumor had been induced by a renal carcinoma 
agent. In all, including even doubtful cases, we 
have not seen more than 55 tumors induced in 
nonrenal tissues by the Lucké agent. The fact that 
6 have been followed by secondary contralateral 
growth is significant. In all cases the nonrenal tu- 


mors have grown more rapidly than renal tumors, 
their morphological appearance has been more ab- 
normal, they have been more invasive and hemor- 
rhagic, and have regressed within 3 months unless 
they have killed the host in the meantime. 


DISCUSSION AND CONCLUSIONS 


Although the biochemical nature of the Lucké 
agent is not yet known, other tumor agents are or 
contain nucleoproteins (4, 7, 8, 22). Genetically 
marked, closely related nucleoprotein systems, 
wherever they have been grown together in the 
same cell, have been shown to possess the ability 
to interchange parts, and new combinations have 
been produced. These new combinations can re- 
produce true to type. This is true in chromosomes 
and in bacterial viruses (9, 14, 18, 19). It is also 
known that a viable myxoma agent can be recov- 
ered following the transfer of something between 
an untreated fibroma and a heat-inactivated myx- 
oma agent or “virus,”’ as it is usually called. This 
Berry-Dedrick (3) transformation involves the 
transfer of something between two immunologi- 
cally similar tumor agents. The present work is 
interpreted as representing the transfer between 
tumor agents and particles of normal cells leading 
to the formation of new tumor agents with affinity 
for their tissues of origin. It is to be remembered 
that similarity in size, in chemical nature, and in 
antigenic nature has already been demonstrated 
between tumor microsomes and microsomes of nor- 
mal tissue (1, 2, 4, 7, 8, 22). 

Inferences drawn from this work are that there 
must be particles with which the Lucké agent will 
combine which are different in different tissues and 
also within rather small regions of those tissues. If 
there are not such particles, it is dificult to under- 
stand how the transformed renal agent, after it has 
grown in chondrocytes, can affect chondrocytes of 
the identical region on the other side of the body. 
The new agent must be composed of two parts, one 
with affinity for renal epithelium and one for car- 
tilage. The acquired affinity for cartilage came 
while the renal agent was a part of regenerating 
chondroblasts in an adult salamander or in chon- 
drocytes or chondroblasts of young salamanders. 
The acquired affinity for cartilage may be retained 
while the agent is subsequently growing in renal 
tissue. 

Other cases of transfer of the activity of the 
tumor agent from one tissue to another, besides 
the Duran-Reynals cases, are the Oberling-Guerin 
case (21) of agent transfer from leukocytes to con- 
nective tissue and the Burmester-Prickett-Belding 
case (6) of transfer between lymphoidal and skele- 
tal tissues. 
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Since transfer and formation of new viable com- 
binations are only known to occur between closely 
related nucleoproteins, the suggestion is made that 
original tumor agents are modified tissue-differen- 
tiated nucleoproteins. An unmodified Lucké agent, 
according to this point of view, would be a modi- 
fied kidney epithelium particle. This interpreta- 
tion would include, then, both the somatic muta- 
tion hypothesis of tumor formation and the virus 
hypothesis. A tumor virus or agent would be a 
mutated normal tissue-specific particle. To be rec- 
ognized as a tumor agent it would have to retain 
its activity when introduced into cells of another 
host. It would also have to direct differentiation 
toward cell types which are not so abnormal! that 
they cannot continue to grow. Toward the end of 
both series of transfers reported above, the agents 
had been so transformed that cells harboring them 
were not viable for longer than a few days or at the 
most a few months. By that time they were more 
in the nature of histolytic agents than tumor 
agents. 

The hypothesis presented here of the nature of 
the tumor agent is similar to that of Oberling 
(21). There is also similarity to the suggestion by 
R. G. Green (13) that, during tumor cell forma- 
tion, virus and cell component may hybridize, giv- 
ing a new type of self-reproducing agent. The 
hypothesis presented here differs in that, although 
it does not exclude the possibility that an ex- 
traneous nucleoprotein may sometimes be in- 
volved, such an addition is not considered neces- 
sary for neoplastic transformation. A more com- 
plete discussion of the relationship of the present 
findings to the modern hypotheses of cellular dif- 
ferentiation will be published elsewhere. 


SUMMARY 


1. The Lucké tumor agent, an agent with the 
ability to enter and grow in cells of only one dif- 
ferentiated tissue of only one race of frogs, has 
been changed by incorporation either in cells of 
young salamanders or in regenerating cells of adult 
salamanders. The new agents show affinity when 
returned to frogs for both the original host tissue, 
renal epithelium, and for their new host tissue, 
skeletal tissue. 

2. Transfer of the renal agent, or a part of it, to 
the iris was demonstrated during tumor trans- 
+ plantation between different geographical varie- 
> ties of the same species. 

' 3. Evidence suggesting that a tumor agent may 
combine with particles which are different in dif- 
ferent regions within a tissue is presented. The de- 
gree of regional differentiation is so great that sec- 


ondary tumors frequently appeared in the region 
bilaterally identical to the site of the primary tu- 
mor formation. It is suggested that the data indi- 
cate the possibility of the existence of particles 
which are different in the various tissues and with 
which the tumor agents can combine in a process 
similar to crossing-over of genes to produce new 
types of tumor agents with affinities for their tis- 
sues of origin. 
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Fic. 1.—Rana pipiens with two large loci of carcinoma in 
right kidney and three smaller loci, surrounded by oviduct, in 


left kidney. 


Fic. 2.—Junction of carcinoma and normal renal tissue. 
Renal capsules and normal tubules below, cords of carcinoma 


and stroma above. 


Fic. 3.—21-Day graft of renal carcinoma of frog in sala- 
mander limb. The several larger nuclei are of the salamander 


host. 550. 


Fic. 4.—92-Day graft of renal carcinoma of frog in sala- 


mander limb. X 200. 
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Fic. 5.—Renal carcinoma of frog established in subcutane- 
ous area of limb of salamander. X 125. 


Fic. 6.—Junction of chondrosarcoma and normal cartilage 
in limb of salamander. The more irregular chondrosarcoma 
above connects with distal head of humerus in center. X 100. 


Fic. 7.—Same limb as in Figure 5, but after regeneration 
blastema had formed. All old tissues, both normal and neo- 
plastic, replaced by regenerating cells; new cartilage forming 
at base of photograph. 100. 


Fic. 8.—Osteogenic region of tumor from femur of frog. 
x 200. 
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Fic. 9.—Anaplastic tumor which had spread subcutane- 
ously in young salamander from forearm to cervical region 
after a Lucké renal carcinoma had been implanted in the fore- 
arm. X 150. 


Fic. 10.—Anaplastic tumor in subcutaneous region of head 
of young salamander. X 150. 


Fic. 11.—Histolytie region of limb regeneration of eft of 
Triturus. 950. 


Fic. 12.—Chondrosarecoma induced by renal carcinoma of 
frog in left forelimb of eft of Triturus. X33. 
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Fic. 13.—The source tumor used in the first series involving 
transfer of agent to regenerating salamander cells. 135. 


Fic. 14.—The source tumor used in the second series involv- 
ing transfer of agent to young salamander cells. 175. 


Fic. 15.—Renal carcinoma which arose in kidney of frog 
following implantation of chondrosarcoma of salamander. 
X 135. 


Fic. 16.—Osteogenic tumor growing in anterior chamber of 
the eve of a frog. 
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Fic. 17.—Regenerated elbow region of Triturus limb which 
had had a chondrosarcoma at amputation level at time of 
amputation. 100. 
Fic. 18.—Nodule in mesentery induced by modified agent 
from chondro-osteosarcoma. X 150. 
Fic. 19.—Tumor in kidney induced by modified agent from 
chondro-osteosarcoma. X 150. 
Fic. 20.—Sarcolysis in muscle of leg following abdominal 
injection of modified agent from chondro-osteosarcoma. X 400. 
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Fic. 21.—Combination renal and iris tumor in anterior eye 
chamber of frog. X10. 


Fic. 22.—Eye tumor reaching surface between right eye 
and ear. This tumor had arisen in right eye after an implant 
of a piece of the tumor of Figures 21 and 24 had regressed in 
left eve. 


Fic. 23.—Hemorrhagic lesions in right and left sartorius 
muscles induced by implant to eye chamber of skeletal tumor 
of wrist. 


Fig. 24.—Second growth of renal carcinoma plus pigmented 
iris elements in the anterior chamber of the eve. < 150. 
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The Action of Tumors on Normal Tissue Synchronously 
‘Transplanted into the Anterior Chamber 


of the Mouse Eye* 


Henry BROWNING 


(Department of Anatomy and the Laboratory of Pathology, Yale University School of Medicine, New Haven, Conn.) 


INTRODUCTION 


Greene and co-workers showed that tumors of 
man and other mammals may be transplanted into 
the anterior chamber of the eyes of alien species 
(12-15). The fate of such heterologous transplants 
varied from early regression to progressive growth. 
When spontaneous mammary adenocarcinomas of 
mice were transferred to alien strains, the results 
varied with the stage of development (3). The 
ability to grow on transfer increased as the tumors 
progressed and was at a maximum in large solitary 
tumors or in metastases. In contrast to some of the 
results of Greene, no transplant survived indefi- 
nitely or grew progressively. Regression always 
occurred, usually shortly after the tenth day fol- 
lowing transplantation. 

In general, the tissues of newborn mice survived 
indefinitely without growth on homologous trans- 
fer (4). When such transplants were in contact 
with heterologous mammary gland tumor in the 
same eye, there was often very considerable 
growth of the complex. The grafts grossly re- 
sembled tumor rather than neonatal tissue and 
persisted indefinitely. The present report concerns 
this type of reaction between neoplastic and nor- 
mal mouse tissues. As previously (3, 4), the term 
heterologous has been applied to transfers between 
different mouse strains and the term homologous 
to transfers within the same strain. 


MATERIALS AND METHODS 
Spontaneous mammary adenocarcinomas oc- 
curring in the breeding females of C3H, DBA, or 
first generation hybrids of these strains were used 
for transplantation. Unless otherwise stated, nor- 
mal tissues were derived from newborn C57 brown 
mice. 


* This investigation was supported by grants from the 
American Cancer Society; the National Cancer Institute, U.S. 
Public Health Service; the James Hudson Brown Memorial 
Fund; and the Jane Coffin Childs Fund for Medical Research. 
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Control transplants of normal tissue (homolo- 
gous) and of tumor tissue (heterologous), and dual 
transplants of normal (homologous) and tumor 
(heterologous) tissues were made into C57 brown 
mice. Control homotransplants of tumor were 
made into mice of the strain of tumor origin. Host 
mice were 2—4 months old and of either sex. The 
progress of the transplants was determined by 
scale drawings under a dissecting microscope every 
7 days during the first month and then at monthly 
intervals. All types of transplants, when removed 
for histological study or at termination of an ex- 
perimental series, showed volumetric size in pro- 
portion to the surface area directly measurable. 

The behavior of control homotransplants of 
normal tissues confirmed previous observations 
(4). Lung, thymus, and spleen survived indefinite- 
ly without change of size; kidney and cerebral cor- 
tex survived indefinitely after considerable ab- 
sorption; and liver was completely absorbed. 

The control heterotransplants of tumor gave an 
estimate of its autonomy—or ability to grow in an 
alien environment. As noted previously (3), tumor 
tissue that failed to grow was considered to be 
without autonomy; that which increased in surface 
area up to 3 times was called mildly autonomous; 
and that which similarly grew to 4—6 times, fully 
autonomous. The latter amount of growth was the 
maximum observed, and all heterotransplants re- 
gressed by the fourteenth day after transfer. Usu- 
ally solitary tumors of less than 1 cm. in average 
diameter were nonautonomous; those between 1 
and 2 cm., mildly autonomous; and those over 2 
cm., fully autonomous. Control homotransplants 
established the viability of nonautonomous tu- 
mors. 

For each spontaneous tumor a series of control 
and dual transplantations were made. Basically, in 
any one series each type of transfer was made to 
seven or eight hosts, both eyes being used. Thus, 
fourteen to sixteen transplants of each type were 
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observed throughout the experimental period. 
However, dual transplants were also made into 
sufficient additional hosts to allow the removal of 
two to four transplants for histological study at 
most observations. 

The technic of intraocular transplantation (3) 
was modified by filling the trocars used with 
molten 2 per cent agar jelly. When cool, most of 
the column of solidified jelly in the lumen was ex- 
pressed. The short segment left acted as an ef- 
ficient plunger and prevented adhesion of tissue to 
the stylet. In most dual transplantations both tis- 
sues were taken into the same trocar and intro- 
duced into the eye in a single operation, thus 
avoiding a repetition of trocar introduction that 


In the second group (series 5-10), tumor and 
lung in dual transplants merged completely by the 
seventh day, and the complexes had doubled in 
size. By the fourteenth day there was usually 
further growth to 3 times the original size. On the 
21st day there was no further change, but by the 
end of the first month the complexes had decreased 
to 13-2 times the original size. By the end of the 
third month the complexes had diminished to the 
size of the control lung transplants. 

The progress of the dual transplants in the 
third group (series 11, 12, 13, 14) was similar. 
However, the complexes had increased in size by 
3—4 times on the seventh day after transfer and by 
4—6 times on the fourteenth day. They showed 


TABLE 1 


AUTONOMY OF TUMOR TRANSPLANTS AND GROWTH OF TUMOR-LUNG TRANSPLANTS 
AFTER 2 WEEKS AND AFTER 3 MONTHS 


GROWTH OF TUMOR-LUNG 


AUTONOMY TRANSPLANT AT 
SERIES OF TUMOR 14th day 90th day 
1 none xl xl 
2 none x 13 x 1 
3 none x 13 x 1 
4 none x 2 xl 
5 mild x 2 x 1 
6 mild x 24 x 1 
7 mild x 3 x 1 
8 mild x 3 xl 
9 mild x 3 xl 
10 mild x 33 x 1 
11 full x 4 x 2 
full x 6 x 3 
13 full x 6 x 4 
14 full x 6 x 4 


tended to give infection. When the two tissue 
fragments were to be kept separate in the eye an 
intervening air bubble was included between them 
in the trocar. | 

RESULTS 


TuMOR AND NEWBORN LUNG 


Fourteen tumors were used for the control and 
dual transplantations with newborn lung. In Table 
1 the results are expressed as modal averages of 
growth of dual transplants and are grouped into 
three categories, corresponding to the autonomy 
of the tumor. In contrast to solitary heterotrans- 
plants of tumor, there was little variation from the 
mode. 

In the first category (series 1-4), the tumor and 
lung tissue in dual transplants were partially 
merged by the seventh day after transfer. By the 
fourteenth day, both grossly and microscopically, 
only lung remained. Its fragments were often 
slightly enlarged but reverted to their original di- 
mensions by the 21st day, after which they per- 
sisted indefinitely without change. 


TUMOR CHARACTERISTICS 


Strain Solitary Av. 
of or diameter 

origin multiple (cm.) 
C3H solitary 0.5 
C3H solitary 0.6 
C3H multiple 0.4 
C3H/DBA solitary 1.0 
DBA solitary 2.0 
DBA solitary 2.0 
C3H solitary 2.0 
C3H solitary 0.7 
C3H/DBA solitary 1.0 
C3H/DBA solitary 1.0 
C3H multiple 1.7 
C3H solitary 2.0 
C3H solitary 2.5 
C3H solitary 2.7 


slight reduction in size by the end of the first 
month and but little thereafter. By the end of the 
third month they had an average size of 3 times 
the original transplant and then persisted indefi- 
nitely without change. 

In some cases (series 7, 9, 10, 12, and 15), tu- 
mor-lung transplants showing conspicuous growth 
after the fourteenth day were removed from half 
of the animals in the respective series and intro- 
duced into the eyes of mice strains homologous for 
the tumor component. No growth occurred. Evi- 
dently no living tumor was present in the com- 
plexes after the fourteenth day in the original 
hosts. 

Histologically, the tumor-lung transplants 
showed tumor cells actively invading the lung tis- 
sue on the seventh day after transfer, with a 
lymphocytic infiltration at the interface of the two 
tissues (Fig. 1). By the tenth day the lymphocytic 
infiltration had increased, and only a few tumor 
cells were visible. No tumor cells were seen on or 
after the fourteenth day (Fig. 2). The increase in 
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size of the transplants at this time was partly due 
to the presence of the lymphocytes and partly to 
the growth of the lung tissue. The lymphocytic re- 
action diminished with the size of the transplants, 
but traces of it remained in the surviving lung tis- 
sues even after 3 months. Otherwise, no transplant 
differed histologically from control lung trans- 
plants, whether with or without permanent 
growth at this time (Fig. 3). 


TuMoR AND TissuEs OtHerR THAN LUNG 


Seven tumors were used for control and dual 
transplantations where the newborn tissue was 
thymus, spleen, kidney, cerebral cortex, or liver 
(Table 2). All tumors were mildly autonomous. 
Dual transplantations were also made of each 
tumor and newborn lung. 

The growth of thymus and spleen tissues in dual 
transplants was identical with that of lung. 


indefinitely at the original size. Histologically, all 
other complexes showed the newborn tissues to 
have recognizable development and differentiation 
along adult lines; in the case of liver, the per- 
sistent tissue was fibroblastic and contained no 
liver cells (Fig. 4). No lymphocytic reaction was 
found. Control homotransplants of liver were com- 
pletely absorbed by the fourteenth day after trans- 
fer. 


AND EmsBryonic, NEWBORN oR ApuLt LuNG 


Seven tumors were used for control and dual 
transplantations with mouse lung at various 
stages of development (Table 3). 

In series 22 and 23 tumor was (uamaplented with 
lung from 16-day embryonic, newborn, or adult 
C57 brown mice. The growth of the complexes was 
from 4 to 6 times, 2 to 3 times, and 2 times, respec- 
tively. Control homotransplants of 16-day em- 


TABLE 2 


AMOUNT OF GROWTH OF DUAL TRANSPLANTS OF MILDLY AUTONOMOUS TUMOR WITH VARIOUS NEW- 
BORN TISSUES BETWEEN 2 AND 3 WEEKS AFTER TRANSPLANTATION 


GROWTH OF TUMOR-TISSUE COMPLEX BETWEEN 


14TH AND 218T DAYS 


Cerebral 

SERIES Lung Thymus Spleen Kidney cortex 

15 x 3 x 3 x 1} 

16 x 4 x 4 x 13 

17 x 3 x2 

18 x 3 x2 

19 x 3 | x2 

20 x 4 x 4 x 4 x 13 

21 x 3 x 3 x 3 


The reaction of kidney tissue with tumor was 
similar to that of lung. Control homotransplants 
showed considerable absorption, resulting in a 
thin plate of persistent kidney usually less than a 
quarter the size of the original fragment. With 
autonomous tumors the fragments not only did 
not diminish in size but grew to twice the original 
dimensions. 

The reaction of cerebral cortex with tumor was 
less than that of any other tissue studied except 
liver. In control homotransplants the fragments 
persisted after partial absorption at approximately 
half the original size. With autonomous tumor 
little growth and no absorption occurred. The 


fragments reached a size of 13 times the original at 


the most. 

Histologically, the persistent kidney fragments 
showed small areas of lymphocytic infiltration, but 
this never occurred to the extent seen in the lung 
complexes. No such infiltration was found in cere- 
bral cortex complexes, and no such infiltration 
could be detected in spleen or thymus complexes. 

No growth occurred in tumor-liver transplants. 
After the fourteenth day the complexes persisted 


TUMOR CHARACTERISTICS 


Strain Solitary Av. 

of or diameter 
Liver origin multiple (cm.) 
C3H/DBA solitary 1.0 
C3H solitary 
x 1 C3H/DBA solitary 1.0 
x 1 DBA solitary 2.0 
xl DBA solitary 2.0 
C3H multiple 
DBA solitary 1.8 


bryonic lung grew to twice their original size; those 
of newborn and adult lung persisted without 
growth. Allowing for this growth of embryonic 
lung itself, it appeared that the reaction between 
lung and tumor was not related to the develop- 
mental stage of the former. In series 24, newborn 
and adult lung gave parallel results with a fully 
autonomous tumor. 

In series 25 and 26, fragments of newborn or 
adult lung were introduced into the host eyes 1 
week before addition of the tumor; newborn lung 
alone gave the usual reaction. In series 27 and 28, 
fragments of newborn or adult lung were trans- 
planted 1 month before the tumor; neither lung 
tissue reacted. 


Tumor AND NONADJACENT NEWBORN LuNG TISSUE 


Two mildly autonomous tumors were used for 
control and dual transplantations where the lung 
and tumor fragments were introduced into the 
same eye but placed at opposite poles of the an- 
terior chamber (series 29 and 30, Table 4). Dual 
transplants were also made of the same tissues in 
the usual adjacent positions. 
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Nearly all the lung fragments in the eyes con- 
taining a tumor at the opposite poles showed an 
equal or even greater reaction than those in ad- 
jacent transplantation. They grew to 3 or even 4 
times the size of the original transplant, while the 
adjacent tissues increased but 2-3 times. Histologi- 
cally, such fragments showed early invasion by 
tumor cells and a course identical with adjacent 
tumor-lung transplants. Occasionally, tissue 
strands crossing the iris from tumor to lung could 


through wire gauze. Equal parts of the resultant 
mash and 2 per cent agar jelly were mixed at 40° C. 
and introduced into trocars. Fragments of the 
solidified jelly were transplanted with adjacent 
lung fragments. The size of the fragments of jelly 
was equal to or larger than the tumor fragments 
usually employed. No reaction occurred in the 
lung tissue. No growth occurred in control homo- 
transplants of jelly fragments. Histologically, 
these fragments contained viable cells and cell 


TABLE 3 


AMOUNT OF GROWTH OF TUMOR-LUNG COMPLEXES WHEN THE LUNG COMPONENT 
VARIED IN MATURITY OR WHEN THE TWO COMPONENTS WERE 
NOT TRANSPLANTED SIMULTANEOUSLY 


INTERVAL 
GROWTH OF TUMOR-LUNG COMPLEX BETWEEN 
BETWEEN 14TH AND 21ST DAYS WHEN TRANSPLANTA- TUMOR CHARACTERISTICS 
AUTONOMY LUNG DERIVED FROM: TION OF LUNG Strain Solitary Av. 
OF AND of or diameter 
SERIES TUMOR Embryo Newborn Adult TUMOR origin multiple (cm.) 
22 mild x 4-6 x 2-3 x 2 nil C3H solitary 1.3 
23 mild x 4 x 2 x 2 nil DBA solitary 1.8 
24 full x 4-6 x 4-6 nil C3H solitary 2.6 
25 full x 4 xl 1 week DBA solitary 3.0 
26 mild x 2-3 x 1 1 week C3H/DBA solitary 1.4 
27 full x1 x 1 1 month C3H multiple 2.2 
28 mild x1 x 1 1 month C3H solitary 1.6 
TABLE 4 
AMOUNT OF GROWTH OF COMPLEXES OF TUMOR WITH ADJACENT AND NONADJACENT LUNG 
AND OF INTACT AND NONINTACT TUMOR WITH ADJACENT LUNG 
GROWTH OF TUMOR-LUNG COMPLEX TUMOR CHARACTERISTICS 
AUTONOMY BETWEEN 14TH AND 21ST DAYS Strain Solitary Av. 
OF Lung Lung non- Tumor Tumor non- of or diameter 

SERIES TUMOR adjacent adjacent intact intact origin multiple (cm.) 

29 mild x2 x 2-4 C3H solitary 1.0 

30 mild x2 x 2-3 C3H solitary 2.0 

31 full x 4 x1 DBA solitary 3.0 

32 full x 6 x1 C3H multiple 1.7 

33 full x 6 xl C3H solitary 2.0 

34 full x 4-6 x 1 C3H solitary 2.6 


be seen grossly; no other contact was visible. In a 
few cases in each series (6 out of 34 transfers), 
there was no lung reaction. 


NoNINTACT TUMOR AND ADJACENT LUNG 

Four fully autonomous tumors were used for 
control and dual transplantations with newborn 
lung after interference with the integrity of the 
tumor (series 31-34, Table 4). The behavior of the 
intact tumor in dual transplantations had been 
determined in earlier series. 

In series 31 and 32, the tumor tissue was stored 
in a deep freeze for 1 and 3 months, respectively. 
No reaction occurred between lung and fragments 
of these tumors, nor did control homotransplants 
of the tumor survive and grow. Before freezing, 
both tumors had given a marked reaction with 
lung (series 12 and 13, Table 1). 

In series 33 and 34, the tumor tissue was forced 


clumps. The intact tumors had given a marked re- 
action with lung in series 11 and 14 (Table 1). 


DISCUSSION | 

Heterologous mammary gland tumors evoked a 
growth reaction in normal tissues when both were 
transplanted to the anterior chamber of the eye. 
The occurrence, extent, and permanence of this 
growth were directly related to the autonomy of 
the tumor, autonomy being here defined as the 
ability to grow in an alien strain of host. The ex- 
tent of the induced growth also varied with the 
normal tissue concerned, but the specificity of re- 
action was not of the order found by Levi-Montal- 
cini and Hamburger (17) in the chick embryo, 
where certain sarcomas stimulated sympathetic 
and sensory cells and fibers alone. The capability 
for a growth reaction also varied indirectly with 
the maturity of the normal tissue, newborn lung 
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losing it relatively slowly after transplantation and 
adult lung relatively rapidly. The reaction re- 
quired contiguity of the tumor and normal cells. 
The stimulating substances of the former ap- 
peared to be very labile or to have a short range of 
action, a suggestion emphasized by the lack of 
effect of deal or fragmented tumor. 

The hypothesis is advanced that tumor tissues, 
once autonomy is attained, can stimulate connec- 
tive tissue or mesenchymal cells with which they 
are in contact. Normally, this stimulation pro- 
duces vascular and stromal response in a heterolo- 
gous or homologous host. That such a response, at 
least of capillary endothelium, is evoked by tumor 
cells has been shown by Algire and Chalkley (1), 
although there are exceptions, as Williams (22) 
found for the V2 carcinoma of Kidd and Rous. 
Furthermore, the vascular response to transplants 
from tissue culture parallels the capacity of the 
culture to give rise to sarcomas (Algire, Chalkley, 
and Earle [2]). Coman and Sheldon (7) also found 
that local hyperemia is induced by subcutaneous 
transplants of tumor or embryonic tissue but not 
by normal tissue. 

In immature tissues this stimulation produces 
proliferation of the “stroma” or undifferentiated 
mesenchymal elements. Growth of the tissue fol- 
lows in response to these augmented supporting 
cells. Fragments of adult tissues, displaced from 
their normal environment in the donor, induce the 
proliferation of mesenchymal cells in preparation 
for re-establishment. These cells, themselves vir- 
tually embryonic, respond to the stimulation of the 
tumor. In either case, the response is much more 
readily evoked from transplants than from the iris 
substrate that is not immediately endowed with 
large numbers of responsive cells. As the adult 
transplants become established, their recently pro- 
liferated cells are utilized, and responsiveness to 
the adjacent tumor disappears soon after transfer. 
Neonatal tissue is rich in such cells and reacts 
vigorously over a relatively long period until the 
tissue has become differentiated in its adult en- 
vironment. 

Such a hypothesis would account for the marked 
response of such tissues as lung, thymus, and 
spleen and for the moderate response of kidney. 
The poor response of the neuronaljtissues might be 
expected, as they contain few mesenchymal cells 
capable of reacting. The “stromal” cells of liver 
also would be expected to respond, but the specific 
elements, requiring unknown conditions for pro- 
liferation (4), would be incapable of taking ad- 
vantage of this elaboration of supporting elements. 

Stimulating substances elaborated by tumor 
cells have been reported by numerous authors 


(Flexner and Jobling [11], Chambers and Scott 
[6], Martin and Barral [20], Casey [5], Snell, 
Cloudman, Failor, and Douglas [21], Kaliss, 
Jonas, and Avnet [16]). In general, these sub- 
stances were present in dead and fractionated ma- 
terial and acted on the cells of the tumor of origin 
only. In this latter respect they differ from the 
hypothetical stimulating substance of the present 
work. Substances promoting fibroblastic prolifera- 
tion in tissue culture have been found in extracts 
of embryonic and adult chick heart (Margoliash 
and Doljanski [19]) and in tumor tissue (Doljan- 
ski, Hoffman, and Tenenbaum [10], Cook and 
Walsh [9]), but in no case was there any excessive 
stimulation by tumor components as compared to 
those of normal tissues. On the other hand, Lud- 
ford and Barlow (18) found that fibroblasts in tis- 
sue culture showed 8—10 times their normal growth 
when placed between two explants of mammary 
carcinomas of various mouse strains. The fibro- 
blasts were stimulated regardless of the normal 
tissue of origin, and this action of living tumor re- 
sembles that being reported here. The stimulating 
substances may be allied to the postulated wound 
hormone released by injured cells to promote local 
proliferation of mesenchymal cells (8). 

At present, the nature of the stimulation of nor- 
mal by neoplastic tissue remains problematical. 
Of more immediate interest is the association of 
the reaction with the progress of the spontaneous 
tumor and the appearance of autonomy in it. This 
development of a stimulating capacity offers fur- 
ther evidence that a neoplasm, although histologi- 
cally a cancer, is biologically not static; and that 
the initiation of a spontaneous neoplasm is not the 
end-point of the malignant process, but the begin- 
ning. 

SUMMARY 

1. Spontaneous mammary gland tumors of in- 
bred mice transplanted to the anterior chamber of 
eyes of alien strains stimulated growth of adjacent 
transplants of newborn lung if the tumors were 
autonomous. 

2. Thymus and spleen from newborn mice were 
similarly stimulated, newborn kidney moderately, 
and newborn cerebral cortex only slightly. New- 
born liver gave no growth reaction of its specific 
cells. 

3. Embryonic, newborn, and adult lung were 
similarly stimulated if transplanted simultaneous- 
ly with tumor. If transplanted 1 week before the 
tumor, only immature tissues reacted; if trans- 
planted 1 month before, no reaction occurred in 
immature or mature tissue. 

4. Stimulation of growth of newborn lung oc- 
curred when the tumor and normal tissue were not 
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in direct contact in the sarae anterior chamber. 


5. Freezing or separation into cells and cell 


clumps destroyed the stimulatory capacity of the 
tumor. 


6. It is suggested that the growth of normal tis- 


sues is due to the stimulation of their supporting 
elements, this reaction being of the same nature as 
that by which the tumor evokes a stromal and 
vascular response from host tissues. 


1. 
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Fic. 1.—Tumor-lung transplant on 7th day; series no. 13; 
X 250. Invasion of lung by tumor with beginning lymphocytic 
proliferation at the interface of the two tissues. 


Fic. 2.—Tumor-lung transplant on 14th day; series no. 13; 
X 250. Lung tissue at peak of its growth with lymphocytic 
proliferation; tumor cells absent. 


Fic. 3.—Tumor-lung transplant on 90th day; series no. 13; 
X 250. Persistent lung tissue with permanent growth. 


Fic. 4.—Tumor-liver transplant on 21st day; series no. 19; 
200. Persistent fibroblastic tissue; tumor and liver cells 


absent. 
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A Mutation Producing Resistance to Several Iransplantable 
Neoplasms in the C57 Black Strain of Mice” 


Pauto R. F. BorGEs AND BarBara J. KvEDAR 


(Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine) 


Occasionally in the course of serial transplanta- 
tions a tumor fails to grow progressively in ani- 
mals of the inbred strain in which it originated, 
and this occurrence is generally interpreted as due 
to nongenetic factors. However, changes in the 
genetic constitution of the recipient hosts could be 
responsible for the resistance among certain ani- 
mals of a susceptible strain. The purpose of this 
paper is to demonstrate such a possibility by show- 
ing that, by selective breeding, an isogenic resist- 
ant subline (26) was developed from the inbred 
C57 black strain of mice. 

The C57 black strain (C57BL).—This strain 
was started by Dr. C. C. Little in 1921 from a 
heterogeneous stock of mice maintained by Miss 
A. E. C. Lathrop. A black male (No. 52) was 
mated to females No. 57 and 58 (his litter-mates) 
which were also black (14, 20). The descendants 
of female No. 57 segregated into blacks and 
brown, and from the black-colored mice the 
C57BL strain was developed (14). This strain has 
been inbred by brother-sister matings for more 
than 35 generations (15); therefore, it should be 
considered as having attained as high a degree of 
homozygosity as it is possible to obtain. 

From the original C57BL strain a number of 
sublines have been separated since 1929. These 
sublines came from single pairs of mice brought 
from Ann Arbor, Michigan, to the R. B. Jackson 
Memorial Laboratory at that time (21). We have 
been unable to find out the exact number of sub- 
lines which have been developed or their charac- 
teristics. Little, Murray, and Cloudman (21) refer 
to sublines BIV, BV, BVI, BIX, X, CI, and CIII. 
At the present time only sublines 6 and 10 are 
maintained at this laboratory. Their responses to- 
ward transplanted tumors seem to be identical. 
The animals in both sublines are solid black (non- 
agouti), some yellowish hairs being present behind 

* This investigation was supported by a grant from the 
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the ears and on the ventral aspect of the body, es- 
pecially in the genital region. Occasionally, a few 
white hairs, or a definite white spot, are observed 
on the mid-line of the abdomen. Ventral spotting 
in mice apparently has a hereditary basis and 
probably is not determined by a single gene (25). 
The majority of the animals show white spots on 
the tail, such markings being due to a single reces- 
sive gene (11, 18). Additional information concern- 
ing the C57BL strain can be found in publications 
by Little, Murray, and Cloudman (21), Little 
(17), and Law (15). 

The subline 10 of the C57 black strain (C57BL/ 
10Se or B10).—In 1940 Dr. J. P. Scott of the 
Hamilton Station of the Jackson Laboratory ob- 
tained pedigreed B10 mice from Dr. W. L. Rus- 
sell, who at that time worked at the main labora- 
tory building. Dr. Russell secured his animals 
from Dr. C. C. Little in 1937. The mice that Dr. 
Scott received from Dr. Russell had been inbred 
for at least twenty generations. Approximately 
eighteen more generations were obtained by Dr. 
Scott until 1948, when pedigreed pairs were sup- 
plied to Miss Judith H. Fielder of the Jackson 
Laboratory. Therefore, by 1948 the B10 subline 
had been inbred for at least 38 generations. At 
that time the colony maintained by Miss Fielder 
was turned over to one of us (P_R.F.B.). From 
this colony the isogenic resistant subline, tempo- 
rarily called B10-2, was developed. 

The development of the B10-x subline—On No- 
vember 2, 1948, experiments were started to test 
B10 mice for susceptibility to different mouse neo- 
plasms, one of these being the C1498 myeloid leu- 
kemia. T his leukemia originated in the subline 6 of 
the C57BL strain (B6) and had been carried by 
subcutaneous grafts for 224 transplant genera- 
tions. It grew progressively in 100 per cent of 
both B6 and B10 mice, killing the hosts in 9-14 
days, with a few animals dying during the third 
week after inoculation. 

Leukemic tissue secured from the subcutaneous 
implants in B6 animals was grafted subcutaneous- 
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ly into B10 mice, a trocar being used for the inocu- 
lation. Whenever possible, five females and five 
males were employed in each experimental group, 
the age of the animals ranging from 4 to 6 weeks. 
Most of the inoculated mice came from our own 
colony of B10’s (C57BL/10ScBs), but in two in- 
stances animals from other colonies were em- 
ployed. After a number of trials in which the 
C1498 leukemia had been supplied by B6 mice, 


C1498 LEUKEMIA 
FROM C57 BL/6 JAX MICE (B6) 


was the first time that B10 mice survived the inoc- 
ulation of the C1498 leukemia. Of the seven re- 
sistant animals, three females (Nos. 171, 172, and 
173) were mated to one male (No.180), and from 
their offspring the B10-xz subline was developed. 
Females No. 172 and No. 173 died of nonleukemic 
causes at the age of 168 days (132 days after inocu- 
lation). Female 171 and male 180 were killed at 
the age of 449 days, after having produced most of 
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Cuart 1.—Serial transplantations of the C1498 leukemia, showing the origin of sublines B10-z and 1lil-a developed by breed- 


ing resistant C57BL/10ScBs mice (B10). 
No. of susceptible mice 


No. of grafted mice 
Asterisks indicate other colonies of C57BL/10Sc mice. 


Figures in parentheses: 


this neoplasm was transferred from B10 into B10 
for two more transplant generations, all the twenty 
grafted animals proving to be susceptible (Chart 1). 

On January 3, 1949, ten B10 animals (five fe- 
males and five males), born around November 28, 
1948, were grafted with the C1498 leukemia se- 
cured from a B10 mouse. The neoplasm grew pro- 
gressively in three of the animals; one of them was 
killed after 10 days for a further transplantation 
into ten B10 mice, which proved susceptible. The 
other two animals died on the fourteenth day after 
inoculation. In the remaining seven mice (three 
females and four males) the subcutaneous tumor 
mass grew during the first week, then began to re- 
gress, and disappeared completely in 2—5 weeks. It 


the animals in the B10-z colony. At the present 
time, the whole colony traces back to female 171 
and male 180. Seven generations, comprising over 
1,300 animals have been obtained by brother-sister 
matings. 

Concerning coat color and other visible charac- 
ters, the B10-2 mice are identical with the B19 
animals from which they were derived. So far, the 
only difference noticed lies in the manner in which 
they respond to the grafting of the C1498 leu- 
kemia and other neoplasms indigenous to the C57 
strains (black and leaden) (Table 1). Every 
breeder in the B10-z colony has been inoculated 
with the C1498 leukemia and has proved to be 
resistant, a preliminary growth of the inoculum 
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being followed by complete regression in 3-4 
weeks. A total of 612 mice has been tested; they 
were weaned at 4 weeks of age, and when 5-6 
weeks old they were inoculated. On the other 
hand, the C1498 leukemia has been fatal to every 
mouse from the original B10 colony. 

Other mice, resistant to the C1498 leukemia, found 
in the B10 colony.—On January 13, 1949, one out 
of ten grafted animals survived and was killed 77 
days after inoculation. This mouse had been born 
around December 7, 1948. One of the susceptible 
animals was killed, and leukemic material secured 
from him was carried for four more transplant 
generations in B10 mice, all the 38 inoculated ani- 
mals dying of leukemia (Chart 1). 

On September 2, 1949, nineteen mice, born 


From November, 1949, to June, 1950, every 
breeding pair in the B10 colony was tested by in- 
oculating their offspring with the C1498 leukemia; 
they were all susceptible, and no resistant animal 
has been found since. 


MATERIALS AND METHODS 


Most of the data presented in this paper were 
secured by inoculating different mouse tumors 
into sublines of the C57BL strain of mice. Mice 
of the dilute brown strain (DBA) were crossed 
with C57 blacks, and their F; hybrids were used 
in one of the experiments. All the animals were 
born and raised at the R. B. Jackson Memorial 
Laboratory, maintained on a diet of Purina Fox 
Chow pellets, supplemented with rolled oats once 


TABLE 1 
COMPARATIVE STUDY OF THE SUSCEPTIBILITY AND RESISTANCE TO TRANSPLANTED 
MOUSE NEOPLASMS BETWEEN THE B10 AND THE B10-z SUBLINES 
OF THE C57 BLACK STRAIN OF MICE 


No. or Mice 


B10 B10-z PERCENTAGE OF 
NEO STRAINS OF Suscep-__ Resist- Suscep- Resist- SUSCEPTIBILITY 
PLASMS ORIGIN tible ant tible ant B10 B10-z 
C1498 C57BL/6 259 0 612 100 0 
Bl ” 31 0 63 100 0 
E 0771 . 69 48 65 100 42.4 
S653 C57BL/10 41 0 67 100 0 
B2 - 19 0 44 100 0 
C954 C57L 63 36 0 112 63 .6 0 
1509la A 0 16 0 29 0 0 
dBrB DBA/1 0 50 0 89 0 0 
P1534 DBA/3 0 72 3 100 0 2.9 
Sarc. 180 ? 50 33 0 100 100 


around June 6, 1949, were grafted with the C1498 
leukemia. Of these, four (two females and two 
males) survived the experiment and were bred as 
a separate colony (lil-a). Starting with the first 
filial generation, mice which had been previously 
grafted were not kept as breeders. This was done 
to compare this colony with the B10-z subline in 
which every mouse is born from previously grafted 
mothers. At the present time, seven generations of 
brother-sister matings have been obtained, and 
144 mice, covering six generations, have been 
inoculated with the C1498 leukemia; all of them 
have survived. 

Before the B10-2 subline was started, groups of 
B10 mice had been saved to be used in an experi- 
ment concerning the age factor in relation to sus- 
ceptibility to transplanted tumors. By October, 
1949, ten groups of mice, born from September 16, 
1948, to May 23, 1949, were grafted with the 
C1498 leukemia. Out of 116 animals, ten survived 
the inoculation. The results showed that as far 
back as September 16, 1948, before the B10-x 
subline was isolated (January 3, 1949), resistant 
mice existed in the B10 colony. 


a week, and had an unlimited supply of water. 
Both the experimental and the control mice were 
kept under the same environmental conditions. 

The following transplantable neoplasms of the 
mouse were used (Table 1): C1498 myeloid leu- 
kemia, B1 and E 0771 (both mammary gland car- 
cinomas), from the subline 6 of the C57BL strain; 
$653, an undifferentiated rhabdomyosarcoma in- 
duced by methylcholanthrene, and the B2 mam- 
mary gland carcinoma, from the subline 10 of the 
C57BL strain; C954 liver carcinoma, from the 
C57L strain; 1509la and dBrB, both carcinomas 
of the mammary gland, the former from the A 
strain, the latter from the DBA/1 stock; P1534, a 
lymphatic leukemia indigenous to the DBA/3 
strain, and Sarcoma 180 which arose in a mouse 
of unknown source. 

The subcutaneous growths were removed, 
chopped up finely, and inoculated subcutaneously 
into both axillary regions, by means of a trocar. 
A total of approximately 78 mg. of tumor tissue 
was grafted into each mouse, precautions being 
taken to avoid bacterial contamination of the 
inoculum. The recipient animals ranged in age 
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from 5 to 7 weeks at the time of the inoculation 
and were observed until they died or until the tu- 
mors had regressed completely. Records of the 
pedigrees of the B10 and B10-z mice and their 
hybrids which were inoculated were always kept. 


TRANSPLANTATION DATA 


The results of the inoculation of several mouse 
neoplasms into the original subline 10 of C57 
black mice (B10) and into the newly developed sub- 
line (510-x) are given in Table 1. It is shown that, 
while four different tumors from the C57BL strain 
(C1498, B1, S653, and B2) grew progressively in 
B10 mice, negative results were obtained when 
these same neoplasms were grafted into animals of 
the B10-z subline. Another tumor from the C57BL 
strain (E 0771) took in 100 per cent of B10 mice 
and only in 42.4 per cent of B10-r hosts. The C954 
tumor from the C57L strain failed to grow in 
B10-z animals but grew progressively in 63.6 per 
cent of B10 mice. It should be noted that the C57L 
strain originated by mutation from the C57BR, 
which was derived from the C57BL before this 
strain had been inbred. Of the other four alien tu- 
mors employed, two of them (1509la and dBrB) 
failed to grow in either subline. The P1534 leuke- 
mia from the DBA/3 strain grew progressively in 
a small percentage of B10-z mice and gave nega- 
tive results when inoculated into B10 animals. The 
Sarcoma 180 grew progressively in both B10 and 
B10-2 mice. 

Considering the manner in which B10 and B10-z 
mice respond to the inoculation of neoplasms in- 
digenous to the C57BL and to the C57L strains, it 
becomes evident that a fundamental difference 
exists between these two sublines. This difference 
is further demonstrated by the results of a comple- 
mentary experiment in which F; hybrids, obtained 
by crossing B10 or B10-z mice to DBA/2 animals, 
were inoculated either with the C1498 leukemia 
(from the C57BL strain) or with the P1534 leu- 
kemia (from the DBA/3 strain). According to the 
genetic laws of tumor transplantation (19), if B10 
animals were not different from B10-z mice the 
above-mentioned hybrids should be susceptible to 
both C57BL and to DBA/2 neoplasms (DBA/2 
animals are 100 per cent susceptible to the P1534 
leukemia from the DBA/3 strain). However, 
Table 2 shows that, while the grafting of F; hy- 
brids from B10 X DBA/2 gave the expected results, 
the F, hybrids from B10-z DBA/2 were suscep- 
tible to the P1534 leukemia but resistant to the 
C1498 leukemia. 

Incidentally, 223 F, hybrids from B10-2xX 
DBA mice were obtained, and no segregation for 


coat color was observed, all the offspring being 
solid black. 

After it had been shown that the B10 subline 
was 100 per cent susceptible and the B10-2 ani- 
mals 100 per cent resistant to the grafting of the 
C1498 leukemia, the next step was to investigate 
whether or not this difference was genetically de- 
termined, and, if so, how many genes were in- 
volved. 

B10 animals were mated to B10-z mice, and the 
F,, the F:, and the backcross ofispring (obtained 
by crossing F hybrids to either their B10 or B10-x 
parents) were inoculated with the C1498 leukemia. 
The data presented in Table 3 show that suscepti- 
bility or resistance was inherited according to 
Mendelian laws, the difference being due to a 
single gene. Also, the results with the F, hybrids 
obtained by the reciprocal crosses of B10 
and B10-2 animals (9? B10 X B10-2 and 
B10-r X o& B10) rule out any maternal in- 
fluence as being responsible for the fate of the 
inoculated leukemic tissue. 


DISCUSSION AND CONCLUSIONS 

Success or failure in tumor transplantation is 
conditioned by factors which are shared by both 
the tumor and the recipient animal. ““The fate of 
the implanted tumor tissue when placed ina given 
individual (host) is brought about by a reaction 
between the host, determined to a large extent by 
its genetic constitution, and the transplanted 
tumor cell, controlled to some extent by its genetic 
constitution” (22). The genetic theory of tumor 
transplantation as put forward by Little and 
Strong (22) has been confirmed in a large number 
of publications (1—9, 27). The essential facts which 
have been established can be summarized as fol- 
lows: 

Susceptibility to tumor grafts is determined by 
dominant genes! which are carried by the animals 
of the stock in which the tumor arose and is trans- 
mitted according to Mendelian laws. The number 
of hereditary units required for the progressive 
growth of transplanted tumors may vary with the 
neoplasms used; some tumors may require just one 
gene, while some others may depend on the simul- 
taneous presence of eight or more Mendelian fac- 
tors to grow progressively. A tumor is expected 
to grow in 100 per cent of the cases when trans- 
planted into inbred animals of the same strain as 
the donor animal; negative results are generally 
obtained when it is transferred to an unrelated 
strain. In this case, temporary growth is fre- 
quently observed, which is followed by complete 


1Incomplete dominance is a possibility that has been 
pointed out by Dr. P. A. Gorer to Snell (26). 
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regression after a shorter or a longer period of time. 
There are tumors which are nonspecific—that is, 
they can grow progressively in spite of genetic 
differences between donor and host animals. The 
offspring from a pair in which one of the parents 
belongs to a susceptible strain are all susceptible, 
as is the case with the animals obtained by back- 
crossing individuals of the F, generation to the 
susceptible parent. The F, generation and the 
backcross of F, individuals to the resistant parent 
show a percentage of susceptible animals varying 


mals were resistant. Similar results were obtained 
by Cuénot and Mercier (10) in mice. However, as 
these experiments were done with non-inbred ani- 
mals, no conclusion can be drawn from the results 
obtained. MacDowell (23) reports that among two 
of his inbred strains of mice some of the animals 
were susceptible, and some survived the inocula- 
tion with his line I of leukemia. Contrary to our 
results, he observed that “by breeding survivors 
... their offspring, when inoculated, gave the 
same proportion of susceptible animals as in the 


TABLE 2 


RESULTS OF THE INOCULATION OF THE C1498 LEUKEMIA (FROM THE C57BL/6 
STRAIN) AND THE P1534 LEUKEMIA (FROM THE DBA/3 STRAIN) INTO F, 
HYBRIDS OBTAINED BY CROSSING B10 OR B10-2 WITH DBA/2 MICE 


GRAFTED WITH 


C1498 P1534 
Fi Hysrips Susceptible Resistant Susceptible Resistant 
DBA/2 10 0 10 0 
° DBA/2Xo B10 18 0 22 0 
Total 28 0 32 0 
9 DBA/2 0 40 39 0 
2? DBA/2Xo B10-z 0 19 23 0 
Total 0 59 62 0 
TABLE 3 


RESULTS OF THE INOCULATION OF THE MOUSE LEUKEMIA C1498 INTO HYBRIDS 
OBTAINED FROM CROSSES BETWEEN B10 AND B10-z MICE 


EXPECTED 
PER CENT 
SUSCEPTIBLE 
No. or Micr PER CENT IF ONE GENE 
Hysrips Inoculated Susceptible Resistant SUSCEPTIBLE I8 INVOLVED 
F, (2 B1OXo B10-z) 108 108 0 100 100 
F, (9 B10-7X co B10) _86 _86 0 100 100 
Total 194 194 0 100 100 
F, 266 195 V1 73.3 75 
Backcross (F; X B10) 121 121 0 100 100 
Backcross (F; X B10-z) 216 106 110 49 50 


according to the number of genes required for 
susceptibility: the larger the number to genes in- 
volved, the smaller the percentage of susceptible 
animals. Little (19) has estimated the percentage 
of susceptibility in different hybrids from tumor- 
susceptible and tumor-resistant animals when the 
simultaneous presence of one or more pairs of 
genes is required for progressive tumor growth. 
The genes responsible for the fate of transplant- 
ed tumors have been named “histocompatibility 
genes’’ (26). 

In the vast literature concerning transplantable 
neoplasms, a few instances can be found in which 
experiments were designed to investigate whether 
the offspring from animals which failed to grow 
a grafted tumor were resistant to the inoculation 
of the same tumor. Levin and Sittenfield (16) and 
Morpurgo and Donati (24) performed such experi- 
ments with rat sarcomas and found that among 
the offspring from resistant rats not all the ani- 


previous generation.” Therefore, in this particular 
case genetic factors were not responsible for the 
occurrence of the resistant mice. However, the pos- 
sibility exists that in other cases a change in the 
genetic constitution of the original strain of animals 
might be responsible for an altered reaction be- 
tween the host and the transplanted tumor. 

In our observations, the C57BL/10 strain of 
mice (B10), which is 100 per cent susceptible to 
the inoculation of a line of mouse leukemia 
(C1498), unexpectedly gave rise to animals which 
proved to be resistant. From these animals, a new 
subline of mice (B10-2) was developed which has 
been 100 per cent resistant—not only to the C1498 
leukemia, but also to three other neoplasms in- 
digenous to the C57BL strain (Table 1). Even with 
the rather nonspecific tumor (E 0771) from the 
C57BL strain there occurs a different percentage 
of progressive growth in B10-x mice, than that 
in the original B10 animals. Also, the 63.6 per cent 
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of susceptibility to the C954 tumor from the 
C57L strain, shown by B10 mice, contrasts with 
the negative results noted among animals of the 
B10-x subline. We are unable to explain the small 
percentage of susceptibility (2.9 per cent) to the 
P1534 leukemia shown by B10-2 mice, as com- 
pared to the complete resistance in the original 
strain. 

Our observations indicate that a fundamental 
change, interpreted as due to a mutation, occurred 
in the original subline 10 of the C57 black mice. 
The new character, resistance to grafted neoplasms 
from the C57BL strain, has been carried on for 
seven generations and, as far as the C1498 leu- 
kemia is concerned, is inherited according to 
Mendelian laws (Table 3). Snell (26) has suggested 
the possibility of mutations being responsible for 
the occurrence of resistance to tumor grafts among 
inbred animals of a susceptible strain, by which 
process new sublines would be developed; our ex- 
periments undoubtedly confirm this hypothesis. 

The frequency of mutations in inbred strains of 
animals is pointed out by Haldane (13). The re- 
sults presented in this paper, and additional ones 
which will be published later, indicate that some 
of those mutations may affect the histocompati- 
bility genes and can be easily detected by tumor 
transplantation. Apparently, it is the first time 
that this has been demonstrated experimentally 
and that an isogenic resistant subline of animals, 
differing from the original strain by a single 
histocompatibility gene, has been obtained. 


SUMMARY 
A new subline of mice (B10-x) was developed 
from the C57BL/10 strain (B10) by breeding ani- 
mals which survived the inoculation with the 
C1498 leukemia, indigenous to the C57BL/6 
strain. Whereas B10 mice are 100 per cent sus- 


ceptible to this leukemia and to other neoplasms 


from the C57BL strain, the B10-z subline is 100 per 
cent resistant to the C1498 leukemia and to three 
out of four other transplantable tumors of the 
C57BL strain. Susceptibility or resistance to 
grafts of the C1498 leukemia is inherited according 
to Mendelian laws, a single gene being responsible 
for the fate of the inoculated leukemic cells. A 
mutation occurring in the original, susceptible 
strain affords the probable explanation for the 
origin of the isogenic resistant B10-2 subline. 
Mutations affecting the histocompatibility genes 
can be easily detected by tumor transplantations. 
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Experimentally Produced Granulosa-Cell Tumors in Rats 


B. M. PEcKHAM AND R. R. GREENE* 


(Departments of Obstetrics and Gynecology and Physiology, Northwestern University Medical School, Chicago, Iil.) 


MorPHOLOGY AND HORMONE PRODUCTION 


In an earlier publication (7) we reported the 
production of granulosa-cell tumors in rats and 
rabbits. The method was that used by M. S. and 
G. R. Biskind (2), in which a portion of one ovary 
was transplanted to the spleen of a castrated ani- 
mal, the venous drainage passing through the :iver 
allowing destruction of the produced hormones. 
The incidence of vascularized adhesions, which 
permitted the ovarian hormones to enter the gen- 
eral circulation, was reduced by using the intesti- 
nal mesentery as the site of transplantation. Under 
these conditions the hypophyseal gonadotrophin 
production and action are uninfluenced by the ovar- 
ian hormones. A continuous stimulation of the 
ovarian tissue by gonadotrophins results in the 
production of granulosa-cell tumors in a high per- 
centage of rats. In this communication the com- 
plete data are presented relating to these tumors, 
their hormone production and their malignancy. 
The results in the rabbit are less striking and will 
be presented in another publication. 

Results —Thirty-nine adult, female, albino rats 
were found free of adhesions at autopsy or had ad- 
hesions which were deliberately produced by a sec- 
ondary operation. The age of transplant at sacri- 
fice varied from 40 to 407 days (Table 1). 

All transplants older than 8 months (24) had be- 
come definite tumors. Transplants were considered 
to represent true tumors when they were enlarged, 
when the architecture was lost, and when no recog- 
nizable normal structures (corpora lutea, follicles, 
ova) remained. Two specimens obtained at 218 
days (eighth month) were considered questionable 
tumors. In the remaining eleven, there were recog- 
nizable follicles, corpora lutea, and in some cases 
even ova, and the architecture remained relatively 
normal. The tumors both solid and cystic varied 
between 0.4 and 4.5 cm. in greatest diameter. 

Microscopically, the tumors resembled in many 
respects those of the human granulosa-theca cell 
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group. All the tumors had a definite capsule, 
grossly appeared highly vascular, and varied in 
color from blue-black to orange-red. Several were 
cystic, large cystic spaces being lined by endo- 
thelial-like cells, with nodules of tumor tissue 
present in the wall of the cyst. 

Two major cell types could be differentiated in 
these tumors, the luteinized cell and the unlu- 
teinized granulosa cell. At first it was believed that 
the granulosa cell could be differentiated from a 
“parenchymal cell” by means of the reticulum 
stain, the “parenchymal” or so-called interstitial 
cell of the rat ovary having a network of reticulum 
fibers about each cell or small groups of two or 
three cells. However, as more tumors were exam- 
ined, no distinct difference could be found between 
the granulosa cells occurring in large groups and 
those cells which appeared in small groups; fur- 
thermore, all gradations in the size of these cell 
groups could be found in some tumors (Fig. 1). 
Such a separation was therefore abandoned. The 
granulosa cells usually have scant cytoplasm, are 
often closely packed, and are devoid of recogniz- 
able cell membranes. The nuclei appear small, 
round, and are often slightly irregular and hyper- 
chromatic. Mitoses are common but are most fre- 
quent in the larger groups of these cells. 

The luteinized cells usually have an individual 
reticular network. However in two of the tumors, 
(Nos. 43R1, 21R1) there were large groups of 
lutein cells which were devoid of reticulum (Fig. 
2). These cells contain a large amount of lightly 
eosinophilic homogenous or granular cytoplasm. 
The cell membrane is clearly visible. The nuclei 
are large, vesicular, and contain one or two nu- 
cleoli. Mitoses were noted in these cells in one 
tumor (No. 46R1). 

This investigation sheds no light on the origin of 
these cells, but this problem seems of little impor- 
tance, as their primary origin from a single cell 
type can hardly be questioned. 

The tumors were made up of granulosa cells and 
luteinized cells in varying proportions. In some the 
granulosa cells were present in small cords and 
tubules, the predominant cell being the luteinized 
cell. One such tumor (Fig. 3a and b) was made up 
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almost entirely of nodules of luteinized cells, ar- 
ranged in cords separated by sinusoids filled with 
blood. However, granulosa cells were present at 
the periphery of these nodules, albeit in small 
numbers. At the other extreme were tumors which 
consisted almost entirely of masses of unluteinized, 
granulosa cells (Fig. 4). In some there were masses 
of granulosa cells surrounded by small cavities 
filled with blood or serous fluid. One of the tumors 
contained areas of spindle cells resembling the hu- 
man thecal cells (Fig. 5) and another, areas of cells 
with a sarcomatous appearance (Fig. 6). 
Malignancy.—Metastases were present in the 
kidney and liver of the animal (No. 21R1) bearing 
the tumor with sarcoma-like areas (Figs. 7, 8). 
However, this animal was one of four in which the 
capsule of the tumor was opened surgically and 
sutured to the anterior abdominal wall 10 days 
prior to sacrifice. It was hoped thereby to divert 
the produced hormones into the general circula- 


Animals sacrificed during this period showed no 
evidence, either gross or microscopic, of vaginal or 
uterine stimulation. Apparently, the liver was able 
to inactivate totally any hormone produced by the 
transplant. 

Of the 24 rats developing tumors, 22 were stud- 
ied by daily vaginal smears for 1-2 weeks between 
the 278th and 357th day after the transplantation. 
Three showed evidence of intermittent or constant 
estrogenic stimulation (Table 2). Smears were 
taken from thirteen of these 22 rats daily for from 
1-3 weeks between the 339th and 407th day (the 
other nine having been sacrificed previously). Five 
of these thirteen showed evidence of constant or 
intermittent estrogenic stimulation, indicating 
that the liver in these rats was unable completely 
to inactivate produced estrogens. In no case were 
there regular cycles. 

Prostatic tissue from immature male rats was 
implanted subcutaneously in ten of these thirteen 


TABLE 1 


AGE DISTRIBUTION OF TRANSPLANTS AT SACRIFICE* 
Transplant age(months) 1 23 4 5 6 7 8 9 10 11 12 18 14 
i 0 


No. animals 


tion. Of course it is possible that vascular metasta- 
sis followed this procedure; however, from the 
gross size of the kidney lesion and the associated 
marked atrophy of kidney parenchyma, it seems 
more likely that the lesion had been present for 
more than 10 days. 

Discussion.—The scattered distribution in the 
age of the transplants makes conclusions as to 
pathogenesis impossible. Biskind and Biskind (1) 
have described progressive luteinization of the 
transplants and the formation of luteomas from 
nodules of lutein cells which grow displacing nor- 
mal structures. We have not observed such nod- 
ules. The two questionable tumors (218 days of 
age) showed a loss of normal architecture and an 
encroachment by cells similar to granulosa cells in 
cords and small groups at the periphery of corpora 
lutea. Transplants of lesser age did not differ ma- 
terially from the normal rat ovary except for the 
large number of corpora lutea and, as the age in- 
creased, a gradual reduction in the number of fol- 
licles and ova. 

Hormone production.—In the rat the vagina, 


uterus, and prostate are sensitive indicators of the 


presence of hormones in the general circulation. 
After castration and ovarian transplantation to 


the portal circulation daily vaginal smears taken 


prior to tumor formation (265 days) showed no 
evidence of stimulation (see Table 2 for details). 


$ 61000 212 5 & 


* Italicized figures represent true tumors. 


rats from which smears were taken a second time. 
This tissue took in seven, and, of these, three 
showed a response suggestive of androgenic stimu- 
lation. However, it is known (4, 5) that progester- 
one in large doses will produce similar prostatic 
changes. 

At sacrifice the vaginas of all rats bearing tu- 
mors showed evidence of stimulation.! The uteri 
did not show evidence of stimulation until the tu- 
mors were 328 days or older. After this age all ex- 
amined were stimulated (in two cases the uteri 
were not available). Four types of vaginal stimula- 
tion were seen: mucification of variable degree, 
proestrus, estrus, and diestrus. 

Proestrous and estrous reactions suggest estro- 
gen production without measurable amounts of 
progestational or androgenic hormones. Mucifica- 
tion on the other hand suggests that one or the 
other or both of these hormones were present. The 
diestrous reaction suggests estrogen production in- 
sufficient to produce full estrus. These vaginas 
were not atrophic. 

No attempt was made to classify the uterine re- 
sponse. Signs of active growth such as mitoses in 
the lining epithelium with increased uterine size 


1 The vaginas of three rats were not available. The uterus 
of one of these was highly stimulated, suggesting that vaginal 
stimulation of this animal was likely. 
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(beyond that seen in the castrate) were considered 
evidence of stimulation. 


Summary and concluston.— 


1. Ovarian tissue was transplanted to the spleen 
or intestinal mesentery in castrate rats. The trans- 
plants of all rats sacrificed 8 or more months later 
(24) had become granulosa-cell tumors. 

2. The morphology of these tumors is discussed, 
and the metastases of one tumor are described. 

3. Evidence is presented that estrogens are pro- 
duced in large quantities and that androgens 
and/or progestational hormones are also produced 
in detectable quantities. 


TRANSPLANTABILITY 


Five tumors were chosen for transfer to male 
and female albino rats 60-90 days of age. A por- 
tion of the tumor obtained at operation or sacrifice 
was minced with scissors in physiological saline 
and injected through a 16-gauge hypodermic 
needle subcutaneously into intact and castrate ani- 
mals and intrasplenically into castrates. The 76 
surviving rats were sacrificed from 311 to 346 days 
later.2 The secondary tumors were studied histo- 
logically, and the uteri, vagina, or prostate of each 


2 Unfortunately some 50 or 60 rats in this series were acci- 
dentally destroyed. 


TABLE 2 
DETAILED DATA ON RAT TUMORS 


TRANS- 
ANI- PLANT AGE GREATEST 


VAGINAL SMEAR RESULTS 


MAL AT SACRI- DIAMETER ConDITION OF 
NO. FICE (cm.) Vagina Uterus 
30R* 218 0.2 Atrophic Atrophie 
385R* 218 0.4 
82R 25 1.0 (cystic) Low 
Mucified 
40R1 288 4.5 cystic) 
5IRI 295 1.3° 
89R1 304 1.2 Diestrus 
Stimulated 
41R1 304 1.2 Mucified = 
52R1 304 0.8 Not available Not available 
83R1 328 1.5 Proestrus Stimulated 
46R1 329 1.5 Mucified 
352 2.2 . Proestrus 
S7RIt 354 1.0 Mucified 
7R1 356 1.2 Not available Not available 
388R1f 357 2.6 Diestrus Stimulated 
Stimulated 
43R1 358 1.4 Proestrus 
47R1 358 3.0 Proestrus 
42R1§ 359 1.6 Not available ” 
50OR1 361 1.5 Marked muci- 
fication 
56R1 361 1.8 Proestrus 
35R1 364 1.7 High mucified 
29Rit 367 0.4 Estrus 
9R1 387 0.6 Slight mucifi- 
cation 
14R1 399 1.6 Mucified 
20R1 402 1.4 
21Rit 403 2.5 High mucified 
ISR1 407 2.6 
* Questionable tumors. 


t Days smeared inclusive. 
t Animals in which tumor was sutured to anterior abdominal wall. 
§ Adhesion between tumor and one uterine horn. 


Prostate Ist Occasion 2d Occasion 
287 Constant di- 294f 
estrus 
278 291 
278 . 291 
278 291 
280 293 
280 293 
344 Constant es- 352 
trus 
no take 301 Constant di- $14 339 Constant di- 354 
estrus estrus 
344 356 
Atrophic 301 ” 314 339 Constant di- 357 
estrus 
302 - 315 349 Constant es- 358 
trus 
302 Intermittent 315f 340 Proestrus and 358 
estrus and estrus. Oc- 
diestrus cas. diestrus 
No take 302 Constant di- 315 340 Intermittent 359 
estrus estrus and 
diestrus 
No take 302 . 315 340 Constant di- 361 
estrus 
Atrophic 302 ” 315 340 Intermittent 361 
proestrus 
Stimulated 287 Intermittent 300 339 Constant di- 364 
estrus and estrus 
diestrus 
Stimulated 291 Constant di- 304 343 Diestrusprior 367 
estrus to op.; es- 
trus post-op. 
344 357 
330 ” 343 382 Constant di- 399 
estrus 
Atrophic 330 8438 382 402 
Stimulated 330 3438 382 403 
Atrophic 330 343 382 407 
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rat was examined to determine its response to pro- 
duced hormones. Granulosa cells predominated in 
three and the luteinized cells in two of the original 
transplanted tumors. 

Results —Subcutaneous transplantation of all 5 
tumors to castrate rats was successful. Of 33 rats 
(200, 139) subcutaneous tumors were found in 
14 (100, 49). Intrasplenic transplantation was 
less successful; of 18 rats (9c", 99 ) available for 
study, only 2 females had developed tumors, both 
having received transplants from tumor No. 18R1. 
Subcutaneous transplantation of all tumors into 
intact rats (7¢’, 189 ) was totally unsuccessful. 

Morphology.—The secondary tumors were 
single and small (approximately 2—6 mm. in diame- 
ter) with the exception of those in one rat which 
developed multiple subcutaneous tumors derived 
from the primary tumor No. 21R1. These tumors 
had an extremely fibrous consistency, measured 
from 1 to 2 cm. in diameter, and were microscopi- 
cally identical to the sarcoma-like areas of the 
parent tumor (Fig. 6). All (large and small) were 
apparently encapsulated except the two intra- 
splenic tumors, though these were sharply demar- 
cated from the normal splenic tissue. The smaller 
tumors appeared highly vascular. 

The unluteinized granulosa cells and luteinized 
cells seen in the primary tumors made up almost 
all these tumors, except for the sarcomatous ap- 
pearance of No. 21R1. The original tumor from 
this animal also contained areas of normal appear- 
ing granulosa and luteinized cells as well, which 
explains their presence in the other transplants 
from this tumor (Fig. 13a and b). 

The arrangement of the cells varied consider- 
ably from the parent tumor, with very few excep- 
tions. Furthermore, transplants from the same tu- 
mor in different animals often did not resemble one 
another (Figs. 10-12). The sex of the recipients ap- 
parently did not influence the microscopic appear- 
ance of the tumors. 

Hormone production.—All six female rats bear- 
ing tumor transplants (from tumors Nos. 18R1, 
21R1, 35R1) showed marked vaginal cornification 
(Fig. 12c). The uteri of five showed squamous 
metaplasia (Figs. 12b and 13c), a sign of long con- 
tinued estrogenic stimulation. In one the uteri 
were in an estrous condition. Of the ten male rats 
bearing transplants, four showed prostatic stimu- 
lation. In one it was marked (Fig. 9c). Stimulation 
was noted only in rats bearing transplants from 
tumors No. 46R1 and No. 21R1 (Figs. 9a and 6). 
It is interesting that the prostatic transplants in 
the latter animal bearing the original tumor also 
showed stimulation (Table 2). However, two other 
male rats bearing transplants of tumor 46R1 and 


one with transplants from 21R1 had atrophic 
prostate glands. 

The microscopic appearance of the transplants 
in animals showing prostatic stimulation did not 
differ notably from those not showing this stimula- 
tion. | 

Discussion —Granulosa-cell tumors induced by 
intrasplenic ovarian implantation in mice have 
been carried through subpassages by intrasplenic 
implantation in castrate mice (3). Such tumors 
have occasionally metastasized either before or 
after intrasplenic subpassage (3, 6). Once malig- 
nant properties have appeared, subcutaneous 
transplantation into intact mice has been possible. 

In the rat, subpassage of these tumors appar- 
ently has not been attempted, and metastasizing 
tumors have not been reported. The apparently 
malignant tumor in our series (No. 21R1) was not 
autonomous, as on subpassage no takes occurred 
in intact rats. Subcutaneous subpassage of this 
tumor in one castrate, however, did produce mul- 
tiple tumors (microscopically of sarcomatous ap- 
pearance) which grew to much larger proportions 
than did other transplants from the same tumor or 
other tumors. 

One would anticipate that intrasplenic subpas- 
sage would give rise to larger tumors, assuming 
that the liver would destroy produced hormones 
until the tumor reached the approximate size of 
the parent tumor. This was not true of the two 
intrasplenic transplants, both being approximately 
6 mm. in diameter (both of these tumors were free 
of adhesions). However, despite the small size of 
these transplants both animals showed evidence of 
circulating ovarian hormones (uterine and vaginal 
stimulation). It may be that the hormone produc- 
tion was much greater than the size of the trans- 
plant would indicate or that the type of hormone 
produced was not inactivated by the liver. 


Summary and conclustons.— 


1. Subpassage was successful from five of the 
original granulosa-cell tumors in castrate male and 
female rats. 

2. These secondary tumors were not fully au- 
tonomous, as no growth was obtained in the intact 
rat. 

3. All (six) females bearing transplants showed 
estrogenic stimulation of the uterus and vagina. 

4. Of ten males bearing transplants, four 
showed stimulation of the prostate, suggesting 
androgenic or progestational stimulation. 

5. The sex of the recipient apparently did not 
influence the microscopic appearance of the tu- 
mors. 
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Fic. 1.—Tumor No. 43R1. Reticulum stain demonstrating 
reticulum surrounding individual and groups of unluteinized 
granulosa cells. 250. 


Fic. 2.—Tumor No. 43R1. Reticulum stain. The luteinized 
cells in the lower half of the picture are devoid of reticulum. 
The cytoplasm of these cells takes a deep brown stain. X 250. 


Fic. 3a.—Tumor No. 51R1. Hematoxylin and eosin stain. 
Cords of luteinized cells separated by sinusoids filled with 
blood. There were small groups of unluteinized granulosa cells 
(see Fig. 4) at the periphery of these nodules. 250. 


Fic. 36.—Tumor No. 51R1. 800. 


Fic. 4.—Tumor No. 38R1. An almost pure granulosa-cell 
tumor showing a portion of the fibrous capsule. X75. 


Fic. 5.—Tumor No. 18R1. Area suggestive of human 
theea-cell tumor. Other areas in this tumor were similar to 
No. 46R1 (Fig. 9a). 225. 


Fic. 6.—Tumor No. 21R1. Sarcomatous area. This tumor 
metastasized to the kidney and liver (Figs. 7, 8). Numerous 
mitotic figures were present (arrow). X 800. 


Fic. 7.—Tumor No. 21R1. Metastic nodule in an atrophic 
kidney (see text). 40. 


Fic. 8.—Tumor No. 21R1. Metastic tumor tissue (left) 
invading and destroying liver tissue (right). 900. 
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Fic. 9a.—Tumor No. 46R1. Parent tumor, a portion of 
which gave rise to the tumor pictured in Figure 9b. 325. 


Fic. 9b.—Tumor No. 46R1 o 11. Subcutaneous subpassage 
in a castrate male rat from tumor depicted in Fig. 9a. Note 
masses of unluteinized granulosa cells, luteinized cells, and hu- 
man theca-like cells. The prostate from this rat showing 
androgenic stimulation appears in Figure 9c. «325. 


Fic. 9c.—Prostate from No. 46R1 o 11. Evidence of andro- 
genic stimulation (light areas in the glandular epithelium at 
arrow) presumably the result of hormone production by the 
tumor (Fig. 9b) in this castrate rat. < 1,000. 


Fic. 10.—Tumor No. 18R1 @ 1. Subcutaneous subpassage 
in a castrate female from the tumor shown in Figure 9b. Note 
the striking difference in microscopic appearance from the 
original tumor and from the tumors in Figures 11 and 12a. All 
three (in castrate females) were derived from the same tumor. 
325. 


Fic. 11.—Tumor No. 18R1 Q 3. See legend for Figure 10. 
X 325. 
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Fic. 12a.—Tumor No. 18R1 9 5.See legend for Figure 10. 
X 325. 


Fic. 12b—Uterus from No. 18R1 9 5. Squamous meta- 
plasia of the uterine epithelium in a castrate female. The 
tumor (Fig. 12a) is the probable source of estrogenic stimula- 
tion. X20. 


Fic. 12c.—Vaginal mucosa from 18R1 9 5. Cornification 
suggesting high level estrogenic stimulation. 100. 


Fig. 13a.—Tumor No. 21R1 8. Subcutaneous subpassage 
in a castrate female from tumor shown in Figure 6. Note 
sinuses filled with blood cells, light areas consisting of partially 
luteinized cells, and darker areas of unluteinized granulosa 
cells. X 100. 


Fic. 13b.—Tumor No. 21R1 92 8. Higher magnification to 
show unluteinized and luteinized cells in greater detail. X 175. 


Fic. 13c.—Uterus from 21R1 9 8. Metaplasia of uterine 
epithelium, a sign of estrogenic stimulation in the animal 
bearing the tumor in Figure 13a. < 100. 
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In previously reported experiments, the car- 
cinogenic potency for mice of extracts of processed 
rubber was traced to the presence of 3,4-benz- 
pyrene and related compounds (13). A search for 
the origin of these hydrocarbons was next under- 
taken. Samples of crude rubber, both natural and 
synthetic, did not contain any of these hydrocar- 
bons when they were sought by extraction, chro- 
matography, and ultraviolet spectrophotometry.} 
A study of a typical formula for the processing of 
rubber suggested carbon black as the most likely 
source of the hydrocarbons. Samples of 24 carbon 
blacks were then examined by methods similar to 
those mentioned above. The absorption spectra of 
3,4-benzpyrene and six related aromatic hydro- 
carbons were detected in a great number of the 
carbon blacks. The aromatic hydrocarbons found 
in carbon blacks were the same as those identified 
in processed rubber except that (a) coronene was 
found in carbon blacks but not in rubber and (6) 
chrysene and the phenanthrene derivative, which 
had been detected in processed rubber, were not 
found in any carbon black. 

Extensive literature exists on the possible rela- 
tionship of soot, carbon black, and related dusts to 
human skin and respiratory tract cancer, on the 
carcinogenicity of soot and dusts in experimental 
animals, on the carcinogenicity of extracts from 
such atmospheric contaminants, and on the physi- 
cochemical identification of carcinogens in such 
products. These subjects will be considered in de- 
tail in the discussion, because they are closely re- 
lated to the work here reported and to follow. 
Both soot and carbon black are forms of amor- 
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phous carbon made by the pyrolysis of organic 
substances. Soot is the more general term; it in- 
cludes all carbon blacks. Carbon black is a com- 
mercial product made by the controlled combus- 
tion of natural gas and related fuels. Its content of 
acetone-extractable tars is usually below 1 per 
cent. In some soots this figure may go much higher. 

The present paper deals with the identification 
of polycyclic aromatic hydrocarbons in different 
types of carbon blacks and with their possible sig- 
nificance. The following paper is concerned with 
the adsorptive capacity of carbon black for chemi- 
cal carcinogens. A subsequent paper is planned to 
deal with the biological significance of these obser- 
vations to carcinogenesis. 


EXPERIMENTAL 


Twenty-four samples of carbon blacks were ob- 
tained from four different manufacturers. One-pint 
aliquots of the blacks were placed in large flasks, 
enough redistilled benzene was added to cover the 
material, and the suspension was heated on a hot- 
water bath under a reflex condenser for 30 minutes. 
When cool, the mixture was filtered, and the resi- 
due was re-extracted. The combined filtrates were 
taken to dryness on a hot-water bath under vacu- 
um. The residue was dissolved in redistilled pe- 
troleum ether and chromatographed on a column 
of activated alumina. The results of a typical 
chromatogram are shown in Table 1. The individ- 
ual fractions obtained by chromatography were 
taken to dryness under a stream of nitrogen and 
were analyzed for their absorption spectra in a 
Beckman ultraviolet spectrophotometer with ether 
as the solvent. To resolve mixtures of hydrocar- 
bons, extraction with sulfuric acid was used to iso- 
late 3,4-benzpyrene (3), and anthanthrene was 
purified by means of precipitation with iodine (4). 
For identification of the compounds by their ab- 
sorption spectra, what were believed to be the cor- 
responding purified commercial aromatic hydro- 
carbons were analyzed spectrophotometrically, 
and the spectra were compared. The absorption 
spectra of compounds for which commercial prod- 
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ucts were not available for comparison were identi- 
fied by comparison with data given by Clar (9, 
10). 

The 24 samples included 7 commercial brands of 
channel blacks and 17 brands of furnace blacks. 
The aromatic hydrocarbons identified in these 
blacks are given in Table 2. No aromatic hydro- 
carbons could be eluted from the channel blacks or 


method of manufacture all samples were stated to 
be either channel blacks or furnace blacks. All 
channel blacks were made from natural gas, while 
the furnace blacks were made from natural gas, 
gasoline fractions, or petroleum residues. In the 
channel blacks no aromatic hydrocarbons could be 
detected. Many of the furnace blacks, however, re- 
gardless of the raw material used, contained all 


TABLE 1 
CHROMATOGRAM OF A SEMI-REINFORCING FURNACE BLACK 


Eluant: per cent 


Frac- ether in Sulfuric acid 
tions petroleum treatment 
ether 
1- 7 0-12 
8-10 14-18 
11-12 20-22 
Solubl 
ubie 
is 26 
Soluble 
15 28 
Insoluble 
Soluble 
16 50 


* Further purification by iodine precipitation. 


from a few of the furnace blacks. In most of the 
furnace blacks, however, the following seven poly- 
cyclic aromatic hydrocarbons were identified: 
pyrene, fluoranthene, 3,4-benzpyrene, anthan- 
threne, 1,2-benzpyrene, 1,12-benzperylene, and 
coronene. The structural formulae of these com- 
pounds are given in Chart 1. One absorption spec- 
trum has not been identified as yet. The absorption 
spectra of the eight compounds are given in Charts 
2 to 9, together with spectra of commercial sam- 
ples of these compounds. The identification was 
confirmed by melting-point determinations in the 
cases of pyrene, fluoranthene, 1,12-benzperylene, 
and coronene. Not enough purified crystals of the 
remaining three compounds were obtained for con- 
firmatory tests. In a furnace black of a type not 
investigated in this study pyrene had been pre- 
viously isolated by Campbell ef al. (6), and 
fluoranthene had been isolated by Rehner (35). 

It is of interest to note that all the compounds 
detected in this study belong to the series of aro- 
matic hydrocarbons with peri-condensed ring sys- 
tems, 1.e., one or more carbon atoms are shared by 
three rings. This is the class of hydrocarbons which 
has the smallest proportion of hydrogen to carbon 
for their molecular weight. | 

The carbon blacks which were studied were ob- 
tained from commercial sources. We did not verify 
the nature of the materials from which they were 
manufactured; when it is available, information on 
the raw material is given in Table 2. According to 


Physical Chemical 

properties nature 
Colorless crystals Pyrene 
Yellow crystals Fluoranthene 
Yellow crystals Unknown 
Yellow oil 3,4-Benzpyrene 
Yellow crystals 1,2-Benzpyrene 
Orange crystals Anthanthrene* and 

1,12-Benzperylene 
Yellow crystals 1,12-Benzperylene 
Orange crystals Anthanthrene 
Orange crystals Coronene 
TABLE 2 


POLYCYCLIC AROMATIC HYDROCARBONS IDENTIFIED 
IN CARBON BLACKS 


Starting Average Com- 
material particle pounds 
Classification given by diameter identi- 
of carbon blacks manufacturer in my fied* 
Channel blacks: 
1. High color gas 10 None 
_— = * gas 14 None 
* gas 17 None 
4. Ink gas 25 None 
5. Medium proc- gas 29 None 
essing 
6. Easy processing gas 29 None 
gas 30 None 
Furnace Blacks: 
8. High abrasion oil 26 1,2 
* gas and 35 1,2 (3-6f) 
gasoline 
10. Reinforcing 38 None 
11. 39 1f 
12. 39 1f 
13. High structure oil 41 1,2 
14. Fine 43 1-7 
15. High modulus gas and 51 1,2 (3-67) 
gasoline 
* 51 1,2 
17, a“ 60 1,2 (3-6t) 
18. Semi-reinforcing 75 1,2 (3-6T) 
non-staining 
19. Semi-reinforcing gas 80 1-7 
20. “ gas 80 1-7 
21. oil 1-7 
22. 7 83 1-7 
23. High modulus 95 1-7 
28. Semi-reinforcing 160 


* 1] = Pyrene; 2 = fluoranthene; 3 = 1,2-benzpyrene; 4 = 3,4-benzpy- 
rene; 5 = 1,12-benzperylene; 6 = anthanthrene; 7 = coronene. 


t Traces only. 
t Larger than average yield. 
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seven of the aromatic hydrocarbons; the remain- 
der contained few or none (see Table 2). The pos- 
sibility exists that the aromatic hydrocarbons 
found in many of the furnace blacks might have 
been introduced in a preformed state with the 


FLUORANTHENE 


CORONENE 


Cuart 1.—Structural formulae of compounds detected in 
furnace blacks. 


crude starting material. This possibility could be 
eliminated as the sole explanation, if it could be 
shown that the same aromatic hydrocarbons are 
present in carbon black made from gas in the 
laboratory, since these aromatic hydrocarbons are 
solids and are not volatile at room temperature. 

Accordingly, gas of known composition, which 
was stated to be a mixture of natural and coke 
oven gas, was burned in the laboratory on a Bun- 
sen burner with a supply of air insufficient for 
complete combustion, and the flame was made to 
impinge on an inverted metal tray. The soot so 
formed was extracted with benzene. The fluores- 
cent extract was chromatographed. Spectrophoto- 
metric analysis revealed the presence of the same 
seven aromatic hydrocarbons found in many fur- 
nace blacks. This observation establishes the fact 
that these aromatic hydrocarbons can be formed 


from gas in the process of carbon black formation. 

A correlation can be made between the physical 
properties of the carbon particles of the blacks 
with the extraction of aromatic polycyclic hydro- 
carbons. In 11 out of 24 samples studied, 3,4- 
benzpyrene was identified by its spectrum. In ad- 
dition, six other closely related aromatic hydro- 
carbons were detected. Whenever 3,4-benzpyrene 
was found, most of the others were also present. 
These eleven carbon blacks belong to the groups of 
“high modulus furnace” and “semi-reinforcing 
furnace” blacks which are said to have an average 
particle diameter of 43-160 my. Only two hydro- 
carbons could be obtained from a number of fur- 
nace blacks (Table 2); they belong to the “high 
abrasion furnace” and “reinforcing furnace” 
blacks. They have an average particle diameter 
of 26-50 mu. The third group, from which aro- 


wool | 


1.1 


1.0 


0.9 | 


0.8 


340mp 


Absorption spectrum of purified com- 
mercial pyrene. 
tennn--=- Absorption spectrum of pyrene isolated 
from carbon black. 


CHART 2: 


matic hydrocarbons could not be eluted in de- 
tectable amounts, is composed of the “channel 
blacks” with particle size ranging from 10 to 30 mu. 

No quantitative experiments were made, be- 
cause, as will be shown in the following paper, the 
phenomenon of adsorption makes quantitative re- 
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CHART 3: Absorption spectrum of purified com- 
mercial 3,4-benzpyrene. 
------- - Absorption spectrum of 3,4-benzpyrene 
ioslated from carbon black. 
1.0 
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0.6} 
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Cuart 4.—Absorption spectrum of 1,2-benzpyrene isolated 
from carbon black. (Compare with Clar [10].) 
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Cuart 5.—Absorption spectrum of 1,12-benzperylene iso- 


lated from carbon black. (Compare with Clar [9].) 
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Cuart 6.—Absorption spectrum of coronene isolated from 


carbon black. (Compare with Clar [9].) 
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covery of hydrocarbons difficult if not impossible, 
and comparative extraction is difficult because of 
variation in particle size. 

To evaluate the relative importance of the dif- 
ferent types of carbon blacks, it should be realized 
that total production has increased fourfold in the 


0.3 


250 270 290 310 330 350 370 390 410 4, 30mp 


Cuart 7.—Absorption spectrum of anthanthrene isolated 
from carbon black. (Compare with Clar [9].) 


last 15 years, that manufacture of blacks by fur- 
nace processes has risen from less than 10 to 50 per 
cent of the total production, and that 90 per cent 
of the furnace blacks belong to the “‘semi-reinforc- 
ing’ and “high modulus furnace”’ blacks (26). The 
blacks of the types from which we have extracted 
3,4-benzpyrene have reached a considerable pro- 
portion of the total production during recent years. 

Extractable aromatic hydrocarbons were found 
in carbon blacks of large particle diameter and not 
in those of small particle size. The particle size of 
carbon blacks depends on the method and condi- 
tions of manufacture. It is possible, because of the 
adsorption phenomenon to be mentioned, that 
many, if not all, carbon blacks contain aromatic 
hydrocarbons and that the differences here re- 
ported are due to failure of elution and not due to 
absence of these substances. 


DISCUSSION 


Carbon black is practically pure amorphous 
carbon, the particle size of which ranges in diame- 
ter from 10 to 160 mu. Soot is also amorphous car- 
bon produced by the combustion of a variety of 
organic substances. Its particle size ranges up to 


5,000 my. The two terms are used at times to 
designate identical or closely related products, al- 
though soot is the broader and more inclusive 
term. Almost all persons, and especially those in 
urban populations, are exposed to soot among 
other atmospheric dusts. In some localities and in 
some occupations exposure may be particularly 
heavy. Soot may also contaminate laboratory 
equipment and materials in experiments on car- 
cinogenesis, among others. The observation that 
carbon blacks and soot may contain aromatic 
polycyclic hydrocarbons, one of which—3,4-benz- 
pyrene—in pure form is a strong carcinogen for 
animals, while another—1,2-benzpyrene—is a 
weaker carcinogen (2) would therefore be a matter 
of wide concern if these substances and compounds 
should be shown to be harmful in man. 


= 


240 260 280 300 320 340 360 380mu 


Cuart 8: ——— Absorption spectrum of fluoranthene, ob- 
tained through the courtesy of R. N. 
Jones. 
-------- Absorption spectrum of fluoranthene iso- 
lated from carbon black. 


Probable origin of these polynuclear aromatic 
hydrocarvons.—The presence of complex aromatic 
hydrocarbons, all belonging to one group, in the 
extracts of carbon blacks, with the exclusion of all 
other types of hydrocarbons is an interesting phe- 
nomenon. Some light can be thrown on the mecha- 
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nism of formation of these peri-condensed ring sys- 
tems from information found in the literature. At 
1,100°—-1,600° C., the temperature reached in pro- 
duction of carbon blacks, all known hydrocarbons 
tend to decompose into amorphous carbon and 
hydrogen gas. A study of the products of pyrolysis 
of the constituents of natural gas as compiled by 
Ellis (12) gives, in a very much simplified form, the 
following picture: Methane, the main hydrocarbon 
constituent of “dry” natural gas, breaks down at 
1,100° C. into a methylene radical and hydrogen. 
This unstable free radical dimerizes to ethylene, 
which breaks down further to hydrogen gas and to 
“nascent acetylene,’ a term coined by Groll (14). 
The “‘nascent acetylene” partly decomposes to 
carbon, hydrogen, and methane and partly poly- 
merizes to simple aromatic hydrocarbons. The 
aromatic hydrocarbons in part lose hydrogen, 
forming more complex aromatic hydrocarbons, and 
in part break down to acetylene, carbon, and hy- 
drogen. 

The pyrolysis of ethane, propane, butanes, and 
pentanes, all constituents of “‘wet’’ natural gases 
used at times in carbon black formation, yields the 
same type of breakdown products as in the case of 
methane, but larger quantities of “nascent acety- 
lene’”’ and consequently of aromatic hydrocarbons 
are formed. 

This simplification of the processes involved in 
the decomposition of hydrocarbons gives a plau- 
sible explanation of the side reaction products dur- 
ing carbon black formation. This mechanism may 
also explain the formation of carcinogenic tars by 
pyrolysis of all organic materials which were 
tested by Kennaway (19). 

In 1925 Kennaway (20) indicated the type of 
reaction involved in the formation of strongly car- 
cinogenic tars by pyrolysis of isoprene. He found 
that polycyclic aromatic hydrocarbons were not 
produced unless the temperature of pyrolysis 
reached 750°-820° C. At this temperature he de- 
tected benzene, naphthalene, anthracene, phen- 
anthrene, chrysene, and their homologs in the tars 
which were strongly carcinogenic. The existence 
of a critical temperature, which must be reached 
before aromatic hydrocarbons with carcinogenic 
properties are formed, was mentioned also by 
Dickens and Weil-Malherbe (11). No evidence of 
carcinogenicity of extracts of wood soot, produced 
by them at 400°-450° C., was obtained by skin 
painting of mice over a period of 2 years. 

Identification of carcinogens in soot.—There is 
ample evidence that at least one—and the most 
important one, namely, 3,4-benzpyrene—of the 
aromatic hydrocarbons which we have found in 
carbon blacks is also present in a number of soots. 


For example, McDonald and Woodhouse (29) iso- 
lated from city dust a fraction in which they iden- 
tified by its ultraviolet absorption spectrum a 
compound which they believed to be 3,4-benz- 
pyrene. Hieger (17) exposed pure benzene to city 
air and observed that it acquired the fluorescence 
spectrum of 3,4-benzpyrene. By the same physical 
method 3,4-benzpyrene was detected by Gulden 
and Tipler (15) in domestic soot in concentrations 
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Cuart 9.—Absorption spectrum of crystalline compound, 
which has not as yet been identified, isolated from carbon 


black. 


of 0.03 per cent, and by Waller (44) in the dust of 
nine British cities in concentrations ranging from 
0.02 to 0.5 ug. per cubic meter of air filtered. The 
quantity of carcinogen in some city air appears 
therefore to be quite large. 

Epidemiological evidence for carcinogenic hazard 
in soot and atmospheric dusts.—The foregoing evi- 
dence of our own on the presence of carcinogenic 
compounds in carbon blacks together with the evi- 
dence summarized from the literature would ap- 
pear to indicate the possibility of considerable 
hazard in soot-polluted air. However, a survey of 
clinical, epidemiological, and statistical evidence 
in the literature bearing on this problem does not 
unequivocally indicate a hazard. 

If soot and carbon black were to induce human 
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tumors it would be expected that the resulting tu- 
mors would be chiefly located at the points of 
maximum contact, namely, the skin and respira- 
tory tract, including the lungs. Published statisti- 
cal studies on the incidence of human cancer in 
dusty occupations give conflicting results, which 
may be explained by differences in the composition 
of the dusts, in the type of contact, and in the 
method of epidemiological and statistical analysis. 

In 1907, Lueke (27) reported a series of cases of 
epithelioma of the skin in carbon workers. Carbon 
itself, however, was not definitely established as 
the cause, because the workers had contact with 
both ground coke and an oily liquid obtained from 
tar or pitch. An epidemiological study of cancer 
mortality and morbidity in a large carbon black 
manufacturing industry was recently reported by 
Ingalls (18). He concluded that carbon black 
workers face no more than the ordinary risks of 
cancer encountered by other male working popula- 
tions. It might be pointed out, however, that 
among the carbon black workers which he studied, 
only 79 had been employed for 10 years or more, 
and only 34 for 15 years or longer; furthermore, 
only 32 were 50 years old or over, and of these only 
7 had been employed for 10 years or more: finally, 
former employees retired for age were not included 
in the statistics. 

A number of statistical reports are available on 
the incidence of human lung tumors in relation to 
occupation and environment, but the inhaled at- 
mospheric dusts were only partly soot. The cor- 
relation of lung cancer prevalence with occupation 
seems to incriminate some dusts which are com- 
paratively free of soot, rather than soot itself. For 
example, Turner and Grace (42) found that steel 
foundry and furnace workers had the highest inci- 
dence of lung cancer, followed by grinders and 
sand blasters. Brockbank (5), in an analysis of 900 
lung tumor cases, observed the predominance of 
unskilled laborers and dusty occupations. Versluys 
in Holland (43) found a high incidence of pul- 
monary cancers in many occupations which ap- 
pear to have little in common and no undue ex- 
posure to soot; he also observed a low incidence in 
farmers and general laborers, the latter contrary to 
Brockbank in England. Kennaway and Kennaway 
in Great Britain (21, 22) remarked on the low inci- 
dence of cancer of the respiratory tract in agricul- 
tural workers (like Versluys) and in coal miners. 
Mills and Mills-Porter (30) working with the vital 
statistics of several American cities reported the 
mortality from respiratory tract cancer to be 
greater in areas of high soot fall than in clean dis- 
tricts. Additional comment along this line is pro- 
vided by the recent discussion by McDonald, 


Drinker, and Gordon (28). It is apparent that the 
epiderhiological studies do not incriminate soot 
beyond a doubt as an etiological agent in respira- 
tory tract cancer in man. 

Experiments were made to demonstrate car- 
cinogens in extracts of anthracotic human cancer- 
ous and cancer-free lungs (40). The weak car- 
cinogenic activity which was demonstrated was 
nearly as great in extracts of fetal lung as from 
those of adults. It was concluded, therefore, that 
no exogenous carcinogen had been demonstrated 
In recent studies we have attempted to demon- 
strate the presence of aromatic hydrocarbons in 
extracts of anthracotic human lungs by spectro- 
photometry but have failed to find evidence for 
such compounds.? 

The evidence for soot as a carcinogen in human 
cutaneous tumors, however, is stronger than that 
for lung cancer. Sir Percivall Pott long ago de- 
scribed cancer of the skin of the scrotum and other 
sites in chimney sweeps and ascribed them to ex- 
posure to soot (33, 34). The subsequent confirma- 
tion and the development of knowledge on this 
subject has recently been reviewed by Henry (16). 
Ingalls (18) has correctly pointed out the possible 
great difference in carcinogenic hazard between 
the chimney soots which have a high content of 
acetone-extractable matter and the industrial car- 
bon blacks with a low tar content. 

The available evidence indicates that, while soot 
is mildly if at all carcinogenic in the respiratory 
tract of man, it must be considered responsible for 
some human skin cancer. This difference, as we 
shall point out later, may be explained by the lack 
of appropriate solvent for the carcinogen in the 
respiratory tract and presence of such solvent in 
the form of sebaceous secretion on the skin. 

Experimental evidence for carcinogenic activity of 
soot.—The experimental evidence on the carcino- 
genicity of soot and soot-containing dusts in ani- 
mals is also equivocal. Leitch in 1923 (23) reported 
unsuccessful attempts to produce cancer of the 
scrotum with soot, but his experiments continued 
for only 1 year, and he used the relatively skin- 
tumor-resistant rats and rabbits. Seelig and Benig- 
nus (37) exposed 100 Buffalo strain mice to coal 
soot substituted for shavings and observed 8 lung 
tumors as compared to 1 tumor among 50 controls. 
However, in a later experiment these authors (38), 
in repeating the experiment with 100 C57 black 
mice and a 10 per cent mixture of carcinogenic gas 
works tar in lamp black, induced no lung tumors 
in the experimental mice, whereas 2 of their con- 
trols had tumors. In neither experiment was any 


. 2P. E. Steiner, J. Afterman, and H. L. Falk, unpublished 
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skin tumor reported, although the mice lived on 
the soot. Campbell (7) exposed 75 mice to a moder- 
ate cloud of chimney soot 30 times a week during a 
whole year and observed a lung tumor yield of 20 
per cent. As the lung tumor yield in his controls 
also was as high as 20 per cent in some groups, it is 
doubtful whether his soot was carcinogenic for 
lung tissue. In summarizing his experiments on the 
production of lung tumors in mice, Campbell (8) 
pointed out the similarity between human and 
mouse lung cancer as regards the agents which in- 
crease the yield of these tumors, the time and age 
factors, some aspects of susceptibility, and the 
morphology of the tumors. He placed emphasis on 
the inorganic constituents rather than on the tars 
as the carcinogenic agents. McDonald and Wood- 
house (29), repeating the work of Seelig and Benig- 
nus but using two types of city dusts instead of 
soot, observed a yield of lung tumors of 22.8 per 
cent compared to 14.3 per cent in the control 
group. Schnurer and Haythorn (36) exposed eight 
rats and one rabbit to a mixture of coal smoke and 
air during 80 days. The animals developed fibrous 
reactions around the carbon deposits and lung 
changes analogous to those of bituminosis as seen 
in soft-coal miners, but lung tumors were not ob- 
served up to 14 months following exposure. Sul- 
man and Sulman (41) studied the carcinogenicity 
of wood soot from the chimney of a sausage fac- 
tory. On subcutaneous injection into rats they ob- 
served a 16.6 per cent sarcoma yield, while no tu- 
mors were induced on intrascrotal implantation of 
soot or by feeding of the smoked sausage. In con- 
clusion, there has been reported no unequivocal ex- 
perimental evidence, to our knowledge, for the 
presence of functioning carcinogens for the respira- 
tory tract in soot. 

Experimental evidence for carcinogenic activity in 
extracts of soot.—Although there is little experi- 
mental evidence for carcinogenicity of soots, ex- 
tracts of soots have consistently shown carcino- 
genic activity both by skin painting and by sub- 
cutaneous injection. 

The earliest experiments on this subject were 
described by Passey (31), who painted an ether 
extract of household soot from bituminous coal on 
the skin of mice and observed nine malignant tu- 
mors in 18 animals surviving 1 year. In a subse- 
quent paper, Passey and Carter-Braine (32) at- 
tempted a fractionation of the soot extract by 
fractional distillation. The activity was found in 
the distillate above 190°C. and in the residue. 
Subcutaneous injection of chimney soot extracts, 
prepared by Shimkin and Leiter (39), gave a 40 
per cent yield of sarcomas in C3H mice. An extract 
of wood soot was painted on the skin of ten mice in 


which three neoplasms were observed by Sulman 
and Sulman after 2 years (41). Extracts of city at- 
mospheric dusts were investigated by Leiter e¢ al. 
for their carcinogenicity on subcutaneous injection 
into mice at a 50-mg. dose level. Their tars pro- 
duced 18 sarcomas in 291 mice (24) and 30 sarco- 
mas in 372 mice (25). The activity of these dust 
extracts showed considerable variation, depending 
on the locality of collection. A study was made by 
McDonald and Woodhouse (29) on the lung tu- 
mor incidence after skin painting twice a week for 
1 year with a purified extract of city dust. Their 50 
mice showed a 25 per cent tumor yield, compared 
to 15.8 per cent in the control group. Campbell (7) 
painted 24 mice twice a week for 26 weeks with an 
extract of chimney soot (of the same type used for 
his inhalation experiments described above) and 
found 9 papillomas, 7 of which became malignant. 
In attempting to explain his positive results with 
the extracts and the negative results with whole 
soot, he suggested that the presence of the soot 
decreased the action of the carcinogen. 

In contrast to the low activity of whole soot, 
these tests with extracts demonstrated clear-cut 
carcinogenic activity. The extracts were active re- 
gardless of type of soots or their content of ex- 
tractable tarry matter which varied from 0.5 to 
11.8 per cent of the original soots. This apparent 
discrepancy between the carcinogenicity of soot 
and of its extracts needs to be explained. 

Lipid solvents and adsorption.—The equivocal 
evidence for carcinogenic activity in soot by in- 
halation and dusting experiments in animals and 
by epidemiological studies on respiratory tract 
cancer in man, despite demonstrated presence of 
carcinogens in many soots and of carcinogenic ac- 
tivity in extracts of soots, requires an explanation. 
Two immediately come to mind. They are (a) that 
an adequate solvent for extraction of the carcino- 
gen from the carbon may be lacking at some sites 
of contact and (6) that the carcinogen may be held 
by adsorption so firmly as to be biologically in- 
active. 

Two points of evidence for the importance of 
the lipid solvent factor have already been men- 
tioned. First, soots are carcinogenic on the skin of 
man where sebaceous secretions are present and 
questionably active in the respiratory tract where 
such secretions are absent. Second, lipid solvent 
extracts of soot have consistently produced tu- 
mors when tested in animals. It is possible that in 
the human respiratory tract the carcinogen was 
present but did not make proper contact with the 
cells for lack of solvent. 

There is also evidence for the adsorption hy- 
pothesis. If a carcinogenic hydrocarbon is added to 
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some carbon blacks under special conditions, it can 
be recovered incompletely or not at all. This phe- 
nomenon Is the subject of the paper which follows. 
Furthermore, this adsorption phenomenon was 
easily demonstrated in the test tube by another 
method. When a furnace black from which hydro- 
carbons could be eluted was mixed with a channel 
black from which none could be extracted, in a 
proportion of 3:1, aromatic hydrocarbons were 
not extractable from the mixture. This phenome- 
non is not clarified by the experiments of Ander- 
vont and Lorenz (1). When they injected a mix- 
ture of charcoal and 1,2,5,6-dibenzanthracene, 
they observed the same yield of sarcomas at the 
site of subcutaneous injection in the experimental 
as in the 1,2,5,6-dibenzanthracene controls, but 
fewer lung tumors in the former. They attributed 
the latter difference to adsorption of the chemical 
on the charcoal. Examination of their methods, 
however, shows that they used a ratio of charcoal 
to carcinogen of 2:1. This is a much larger amount 
of carcinogen than could have been adsorbed to 
the charcoal, so that their explanation is not fully 
adequate. 

There is much chemical but little biological evi- 
dence for the importance of the adsorption phe- 
nomenon. Extensive biological tests bearing on 
these points are now un ler way. 


SUMMARY 


1. Benzene extracts of some carbon blacks were 
found to contain 3,4-benzpyrene, a strong carcino- 
gen for animals; 1,2-benzpyrene, a weak carcino- 
gen; and five other related aromatic hydrocarbons: 
pyrene, fluoranthene, 1,12-benzperylene, anth- 
anthrene, and coronene. 

2. These compounds possess peri-condensed 
ring systems in which carbon atoms are shared by 
three rings. They contain the smallest possible 
proportion of hydrogen to carbon for molecules of 
this type and size. A theory of their formation is 
presented. 

3. Furnace blacks, with an average particle di- 
ameter of 80 my or more, possessed all 7 of the 
aromatic hydrocarbons; those with particle size 
below 50 had few or none. A rough correlation ex- 
isted between yield of extractable aromatic hydro- 
carbons and average particle diameter of the car- 
bon blacks. 

4. These hydrocarbons were not detected in any 
channel blacks, which have small particle diameter 
averaging from 10 to 30 muy, and are made by a dif- 
ferent process. 

5. Based on these observations an interpreta- 
tion of the apparently contradictory reports in the 
literature on the carcinogenicity of soot is possible. 


3,4-Benzpyrene seems to be the principal carcino- 
genic agent. This hydrocarbon can be extracted 
from many soots with lipid solvents, and these ex- 
tracts produce tumors in animals at the site of ap- 
plication. Soot itself appears to be carcinogenic on 
skin but possibly not on respiratory tract epithe- 
lium. It is suggested that this difference in behav- 
ior is explained by the presence of lipid solvent (the 
sebaceous secretions) in the skin and its absence in 
the respiratory tract. 

6. It is further suggested that the differences in 
extractable aromatic hydrocarbons from carbon 
blacks can be explained by the phenomenon of 
adsorption. 
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The Adsorption of 3,4-Benzpyrene and 
Pyrene by Carbon Blacks” 


Hans L. FALkK and Paut E. STEINER 


(Department of Pathology, University of Chicago, Chicago 37, IIl.) 


In the previous paper it was reported that up to 
seven different aromatic polycyclic hydrocarbons, 
including 3,4-benzpyrene, were extracted with 
benzene from most carbon blacks made by the 
furnace process, but from no channel blacks (3). 
This difference cannot be explained on the basis of 
differences in raw materials. Soot formed in the 
laboratory from gas, which is similar to that used 
in the channel process, also yielded aromatic hy- 
drocarbons on extraction. Both the channel and 
furnace processes use a temperature so high 
(1,100°-1,600° C.) that nearly complete decom- 
position of the raw materials into amorphous car- 
bon and hydrogen is assured. However, a few radi- 
cals of the nature of “‘nascent acetylene” might 
form and polymerize to produce the observed 
aromatic hydrocarbons. These compounds would, 
therefore, be expected to be formed in both proc- 
esses unless special precautions are taken which 
have not been publicized. Failure to find the 
aromatic hydrocarbons in the channel blacks, 
therefore, constituted something of a mystery. 

One of the most important differences between 
the hydrocarbon-free channel blacks and the fur- 
nace blacks rich in extractable hydrocarbons seems 
to be the smaller average particle size of the 
former. The furnace blacks are said to vary from 
30 to 160 muy in average particle diameter; the 
channel blacks from 10 to 30 mu. It is well known 
that the smaller the average particle size, the 
larger is the surface area, and that surface area is 
one of the factors responsible for the adsorptive 
power of active carbons. Hassler (4) described the 
physical and chemical behavior of active carbon in 
detail. A study of the adsorption of aromatic hy- 
drocarbons having peri-condensed ring systems on 
carbon blacks of varying particle size was there- 
fore undertaken as a possible explanation for the 
differences in polycyclic aromatic hydrocarbon 
content of channel and furnace blacks. 


* This investigation was aided by a research grant from the 
Committee on Growth acting for the American Cancer Society, 
and by an institutional grant from the American Cancer So- 
ciety. 
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Another problem is presented by the discrep- 
ancy between the ease with which 3,4-benzpyrene 
has been demonstrzted in soots (in large quantities 
in some instances), ard the apparent low car- 
cinogenic activity of soots in man and experimen- 
tal animals. This problem has also been discussed 
in the preceding paper (3), in which it was pointed 
out that low or absent carcinogenicity of soots 
might be explained either by the absence in the 
body of a solvent adequate for this class of car- 
cinogens, by adsorption of the carcinogen to soot, 
or by both. Some evidence was cited for both 
hypotheses. The seemingly greater carcinogenic 
activity of soot on the human sebaceous-rich skin 
than on the respiratory tract epithelium speaks for 
the former; the adsorption phenomenon was sim- 
ply shown by mixing benzpyrene-containing and 
benzpyrene-free carbon blacks after which process 
no hydrocarbon was recoverable from the mixture. 
It is conceivable that a similar mixing of carbon 
blacks might occur in air or lungs. The present 
paper provides additional information on_ this 
adsorption phenomenon. 


EXPERIMENTAL RESULTS 


The adsorption of aromatic hydrocarbons from 
solution by carbon black.—One hundred mg. each of 
ten different samples of carbon black, averaging 
from 10 to 80 my in particle diameter, were placed 
in 15-ml. graduated centrifuge tubes, each con- 
taining 5 ml. of redistilled benzene. One-ml. por- 
tions of benzene containing 5 yg. of 3,4-benzpyrene 
were added to each, and the mixtures were agi- 
tated with stirring rods for about 15 seconds. After 
centrifugation the supernatant fluid was trans- 
ferred to a Beckman cup, and the ultraviolet ab- 
sorption spectrum was read between the wave- 
lengths of 355 and 400 my. The concentration of 
3,4-benzpyrene was calculated by using the ab- 
sorption maximum at 387 mu. The solutions were 
returned to the centrifuge tubes, an additional ml. 
of the benzpyrene solution was added to each tube, 
the volume of the solutions was reduced to the 
previous level by evaporation under a stream of 
nitrogen, and the mixing, centrifugation, and 
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spectrophotometry were again carried out. This 
process was repeated (later on with larger incre- 
ments of 3,4-benzpyrene) until the absorption 
spectrum of the added hydrocarbon could be 
clearly detected. 

The results are summarized in Table 1. When 
3.4-benzpyrene was first added to some carbon 
blacks it promptly disappeared from the solution 
because of adsorption. In others only a portion 
was detectable. In still others more benzpyrene 
was detected than had been added. This behavior 
was correlated with average particle diameter of 
the blacks; the smaller average-sized blacks ad- 
sorbed more than the larger. As more and more 
benzpyrene was added, a point was eventually 
reached at which it was no longer completely ad- 


were then introduced containing 0.4 mg., 0.8 mg., 
1.2 mg., and 2.4 mg. of 3,4-benzpyrene, respec- 
tively, in 1 ml. The suspensions were stirred, cen- 
trifuged, and the supernatants were removed and 
analyzed spectrophotometrically to determine the 
quantity of 3,4-benzpyrene in solution. Fresh 10- 
ml. aliquots of benzene were then added to the 
carbon blacks in the centrifuge tubes, and the 
process was repeated. After ten extractions, the 
pattern of elution was well established, and varia- 
tions were then introduced to study the effects of 
temperature, time of stirring, and the volume of 
the solvent on extraction. 

The results are summarized in Table 2 and 
Chart 1. The amount of extractable benzpyrene 
decreased slowly from one extraction to the next. 


TABLE 1 
ADSORPTION OF 3,4-BENZPYRENE BY DIFFERENT CARBON BLACKS 


AMOUNT OF 3,4-BENZPYRENE ADDED* 


CopE Av. 
NO. PARTICLE 5 10 15 20 25 
OF DIAMETER 

SAMPLE (mp) 
10 
14 
17 
25 
29 
30 
39 
50 
80 
80 


SOS 

WwW OCS 
OCS 


9 
26 
25 


(ug.) 
50 100 150 200 250 300 400 500 


Quantity of 3,4-benzpyrene detected 


(ug.) 

0 0 0 0 0.2 0.4 0.7 1 
0 0 0 0 1 2 4 7 
0 0 1.5 3 

6 

8 

7 

14 


* The 3,4-benzpyrene was tested, in every instance, in 100 mg. of the carbon black in 6 ml. of benzene. 


sorbed. The point at which this occurred varied 
with the particle size of the blacks. With the 
smallest-sized carbon black (10 my), 200 ug. of 
3,4-benzpyrene was completely adsorbed on 100 
mg. of the black; when 500 yg. was added, only 1 
ug. was detected in solution. In the largest-sized 
carbon black (80 my), not only was adsorption not 
observed, but actual elution of part of its own con- 
tent of 3,4-benzpyrene occurred. No attempt had 
been made to alter the hydrocarbon content of 
these ten carbon blacks prior to their use in this 
experiment. As was shown in the preceding paper, 
the content of extractable aromatic hydrocarbons 
varies with particle size (3). The present experi- 
ments, therefore, tested only the remaining ad- 
sorptive power of the blacks. 

The elution of aromatic hydrocarbons from carbon 
black.—The question arose whether these aromatic 
hydrocarbons could be recovered by elution from 
the carbon blacks once they were adsorbed. Sam- 
ples (100 mg.) of a channel black with an average 
particle diameter of 14 my were placed into each of 
four 15-ml. centrifuge tubes. Nine ml. of redis- 
tilled benzene was added, and benzene solutions 


When large quantities of benzpyrene had been 
adsorbed on the carbon black, a greater percentage 
could be eluted. By the end of the tenth extrac- 
tion, the percentage recoveries were 7.1, 9.8, 13.6, 
and 21.8, respectively, in the four experimental 
samples. The quantity of the eluate was directly 
proportional to the volume of eluant, and to the 
temperature between 40° and 90° C. The period of 
agitation, however, had no effect on the quantity 
of hydrocarbon eluted in a range from 15 to 300 
seconds. 

Two solvents, ether and methanol, were found 
to be inferior to benzene as eluants. They eluted 
traces of benzpyrene only after the concentration 
of hydrocarbon added to carbon black had reached 
0.8 per cent. Three times as much hydrocarbon 
could be held by adsorption on carbon black 
against these two solvents as compared with ben- 
zene; ether liberated only one-fifteenth of the 
quantity eluted by benzene, and methanol was 
still less efficient. 

Experiments with pyrene——The experiments 
were repeated by substituting pyrene for 3,4- 
benzpyrene. The adsorption of pyrene on the same 
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ten carbon blacks was found to be similar to that 
of 3,4-benzpyrene. The elution pattern of pyrene 
from carbon black by benzene, ether, and metha- 
nol, and the effects of temperature and volume on 


elution paralleled those for 3,4-benzpyrene. 


DISCUSSION 


From these data the observed difference in hy- 
drocarbon content of extracts of channel and fur- 


ditional unknown quantity may previously have 
been present in this channel black because of the 
conditions of manufacture (3). The differences ip 
amount of hydrocarbon extractable from varioys 
carbon blacks reported previously (3) may only be 
due to a difference in the adsorptive capacity of the 
blacks. A carbon black of 10 my average particle 
diameter from which no carcinogen is extractable 
might conceivably contain as much as the black of 


TABLE 2 
ELUTION OF 3,4-BENZPYRENE BY BENZENE FROM A CHANNEL BLACK 


CONDITIONS OF ELUTION 


No. Volume of Tempera- 
EXTRAC- benzene ture Time 
TIONS (ml.) (°C.) (min.) 

1 10 20 1 
g 10 20 1 
S$ 10 20 1 
4 10 20 1 
5 10 20 1 
6 10 20 1 
7 10 20 1 
8 10 20 1 
9 10 20 1 
10 10 20 1 
11 5 20 1 
12 5 40 1 
5 70 1 
74 5 90 1 
15 5 20 5 
16 5 70 5 

62.0 | 

Le 

1.5 

1.0] 

2h 0.5] 

s0 

Ee 


Number of benzene extractions 


Cuart 1.—A pattern of elution of 3,4-benzpyrene from a 


channel black. The four solid portions each represent ten actual 
consecutive extractions, as shown in Table 2. The dotted line 
is an extrapolation of the rate of decrease of the elutable 


portion. 


nace blacks could be explained as caused by the 


phenomenon of adsorption. Even the best eluant 
here studied, under most favorable conditions, did 
not liberate benzpyrene from a channel black aver- 
aging 10 my in particle diameter, either before or 
after 0.5 mg. of benzpyrene had been added to 100 
mg. of the black. Such a black appeared devoid of 
carcinogenic hydrocarbon. Yet 0.5 per cent had 
been added. It is reasonable to suspect that an ad- 


Ma. or 3,4-BENZPYRENE ADSORBED ON 
100 MG. CHANNEL BLACK 
0.4 0.8 1.2 2.4 
Cumulative percentage of 3,4-benzpyrene recovered on 
successive extractions with benzene 


1.0 1.7 2.3 
2.2 2.1 3.2 4.9 
3.2 3.2 4.7 7.5 
4.1 4.3 6.1 9.8 
4.8 5.3 7.5 12.0 
5.3 6.2 8.7 14.2 
5.8 10.0 16.2 
6.3 8.0 11.2 18.1 
6.7 8.9 12.4 20.0 
7.1 9.8 13.6 21.8 
7.3 10.2 14.2 22.6 
7.6 10.7 14.9 23 .4 
8.0 11.4 15.9 24.7 
8.5 12.3 17.3 26.5 
8.7 12.7 17.9 27.3 
9.1 13.4 18.9 28 .6 


80 my from which much is obtained. 

The adsorption phenomenon makes quantita- 
tive determinations of amounts of carcinogen pres- 
ent in carbon black very difficult. One extraction 
does not indicate the amount present. Even the 
tenth extraction of a furnace black yielded nearly 
as much aromatic hydrocarbon as the first. After a 
known amount of benzpyrene was added toa 
channel black, ten consecutive extractions recov- 
ered only a small proportion of the total added. 

The adsorption phenomenon might have many 
points of significance. It might explain the appar- 
ent low carcinogenicity of soots in man. In the 
respiratory tract an efficient solvent to elute the 
carcinogen from the particles of soot is probably 
not present. Even when a lipid solvent is available, 
as in the skin, the presence of small-sized particles 
of soot could prevent the extraction of carcinogens 
from the larger-sized soot particles by adsorption. 
Adsorption might also explain discrepancies ob- 
served in experimental carcinogenesis based on 
method of administration. Negative results were 
frequently observed with whole soot as the car- 
cinogenic agent, and positive results were unl- 
formly obtained with extracts of soot. 

This phenomenon might provide a method for 
the disposal of carcinogen-containing waste prod- 
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ucts, especially if it is eventually shown that ad- 
sorption also confers biological inactivity to the 
carcinogen-adsorbant complex. It might also indi- 
cate desirable changes in the method of manufac- 
ture or utilization of carbon blacks (1, 2). 


SUMMARY 


1. The adsorption of 3,4-benzpyrene and pyrene 
on ten different carbon blacks with an average par- 
ticle diameter varying from 10 to 80 my was found 
to be inversely proportional to particle size. 

2. The elution of these hydrocarbons from the 
carbon blacks depended on the nature of the black, 
the nature and volume of the solvent, and the tem- 
perature. With each extraction only a fraction of 
the total adsorbate could be eluted. 

3. It is suggested that the observed difference 
in quantity of aromatic hydrocarbons extracted 


from channel and furnace blacks is due to greater 
adsorption on the former than on the latter. The 
adsorption phenomenon may also play a signifi- 
cant role in the understanding of the low car- 
cinogenicity of soot in man. Other possible applica- 
tions are also discussed. 
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Metabolism of Neoplastic ‘Tissue 


II. A Survey of Enzymes of the Citric Acid 
Cycle in Transplanted Tumors* 


CHARLES E. WENNER,T Morris A. SPIRTES, AND SIDNEY WEINHOUSE 


(The Lankenau Hospital Research Institute and the Institute for Cancer Research, and the Department 
of Chemistry, Temple University, Philadelphia, Pa.) 


Recent isotopic tracer studies of tumor metabo- 
lism indicated that the neoplastic cell can carry out 
the complete oxidation of glucose and fatty acids 
via the citric acid cycle (34, 35). In view of a strong 
body of evidence against the occurrence of the 
Krebs cycle in tumors (18, 19), further information 
bearing on this problem seemed desirable. Accord- 
ingly, a survey was undertaken of various trans- 
planted neoplasms for their content of citric acid 
cycle enzymes. In order to obtain a “profile” of 
enzymatic activity, approximate assays were car- 
ried out of those enzymes for which straightfor- 
ward methods were available; these included 
malic, isocitric, and a-ketoglutaric dehydroge- 
nases, the “condensing” enzyme, and the hydrases, 
fumarase and aconitase. The peripheral enzymes, 
lactic dehydrogenase and oxalacetic carboxylase, 
were also assayed, but succinic dehydrogenase, 
having been thoroughly investigated and found to 
be present in tumors by others (24, 25), was 
omitted from the present investigation. All the 
tumors were found to possess the enzymatic equip- 
ment for the citric acid cycle. 


METHODS AND RESULTS 
Tumors.—The neoplasms employed in _ this 
study were described in previous papers (33, 35). 
They were implanted subcutaneously and used in 
the experiments when they attained a diameter of 
approximately 1 cm. Assays were carried out either 


* This work was aided by grants from the American Cancer 
Society, on recommendation by the Committee on Growth of 
the National Research Council; the National Cancer Institute 
of the National Institutes of Health, Public Health Service; 
and the U.S. Atomic Energy Commission, Contract No. 
AT(30-1)777. 

A preliminary report of a portion of this work has appeared 
(36). 

+ This study will constitute part of a thesis to be presented 
by C. E. Wenner to the Graduate School of Temple University 
in partial fulfillment of the requirements for the Ph.D. degree. 


Received for publication September 24. 


on homogenates of the whole tissue or on extracts 
of acetone powders. All assays were carried out in 
the zero order range of substrate concentration 
and with proportionality of enzyme activity and 
tissue concentration—these conditions having 
been established by preliminary experiments. De- 
tails of the procedures are given in the individual 
sections and in the table headings. The prepara- 
tions of homogenates will be described in the indi- 
vidual assays. The acetone powder extracts were 
prepared as follows: the freshly dissected tissue 
(pooled from four to six animals) was homogenized 
for 1 minute at 2° C. in a Waring Blendor with 2 
volumes of acetone. The homogenate was filtered 
with suction, and the residue was resuspended in 
10 volumes of acetone and refiltered with suction. 
The tightly packed cake was powdered in a mor- 
tar, air-dried on filter paper, then dried thoroughly 
in a vacuum desiccator over sulfuric acid and par- 
affin, and stored at less than 5°. The extract was 
prepared by stirring 1 gm. of the acetone powder 
with 10 ml. of water for 10 minutes at 40° C. and 
by centrifuging at 3,000 r.p.m. for 20 minutes in 
the angle head of a No. 2 refrigerated Internation- 
al Centrifuge. The opalescent solution was used as 
such or was further diluted if necessary. 
Substrates and other materials.—Pyruvic, malic, 
citric, and a-ketoglutaric acids, and adenosine 
triphosphate were commercial products. Lithium 
acetyl phosphate, 60 per cent pure, was obtained 
through the kindness of Drs. Stern and Ochoa. 
Oxalacetic acid, 90 per cent pure by aniline citrate 
assay (5), was prepared from the ester by the pro- 
cedure of Krampitz and Werkman (9). Isocitric 
acid was prepared by catalytic reduction of tr- 
ethyl oxalosuccinate, synthesized according to the 
method of Wislicenus and Waldmiiller (38). The 
reduction was carried out with platinum at room 
temperature at 3-4 atmospheres of hydrogen, and 
the reduced product was saponified with the cal- 
culated quantity of sodium hydroxide. The final 
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product consisted of a mixture of four isomers, D- 
and L-isocitric and p- and t-alloisocitric acids. As 
expected, only } of the product was acted upon by 
aconitase, the active isomer being presumably 
p-isocitric. 

Reduced diphosphopyridine nucleotide was pre- 
pared according to the method of Ohlmeyer (17) 
from commercial cozymase assaying 33 per cent 
pure by the enzymatic method of Racker (22) em- 
ploying alcohol dehydrogenase. Triphosphopyri- 
dine nucleotide, assaying 40 per cent pure by the 
Zwischenferment assay (32), was prepared by the 
method of LePage and Mueller (11). 

Condensing enzyme.—Of all the reactions of the 
cycle, the one leasi understood until quite recently 
is the condensation leading to formation of the 6- 
carbon acid. Recent studies have clarified this 
process, however (16, 26, 29), and the reaction can 
now be formulated, according to Stern and Ochoa 
(28), as follows: 


Acetyl-Coenzyme A + oxalacetate ——> 


citrate + Coenzyme A. (1) 


An impure concentrate of acetyl-CoA has been 
obtained by Lynen and Reichart (12); and Ochoa 
and co-workers! have found that this substance 
can condense with oxalacetate to yield citrate in 
the presence of the crystalline condensing enzyme. 
For assay purposes the acetyl-CoA may be gener- 
ated in situ, either by an acetate-activating factor 
which, according to the original procedure of Stern 
and Ochoa (27), catalyzes the formation of acetyl- 
CoA from acetate, CoA and ATP; or, more con- 
veniently, by means of the following reaction 
catalyzed by a transacetylating enzyme present in 
E. Cola (26): 

E. Col 
Acetyl phosphate + CoA —-> Acetyl-CoA + 
phosphate. (2) 


The latter procedure was used in the present 
study. According to equation (3), representing a 
summation of equations (1) and (2), citric acid, 


Acetyl phosphate + CoA + E. Colt extract + 
(condensing enzyme) (3) 
oxalacetate ———> citrate + CoA + phosphate, 


is formed in the presence of the condensing en- 
zyme and E. Coli extract from a mixture of Acetyl 
phosphate, coenzyme A, and oxalacetate. The 
E. Colt extract was prepared, according to direc- 
tions of Drs. Stern and Ochoa,? from lyophilized 
cells supplied by these investigators. Cells (0.5 


1 Private communication. 


2 We are greatly indebted to these investigators for generous 
gifts of acetyl phosphate, lyophilized E. Coli, and details of the 
condensing enzyme assay prior to publication. 


gm.) were intimately mixed with 0.5 gm. of alumi- 
na (Alcoa No. A301, 325 mesh) by grinding to- 
gether in a mortar for a few minutes at room tem- 
perature. The mixture was transferred to a Lus- 
teroid centrifuge tube of 10-ml. capacity and 
stirred with 0.5 ml. of m/50 phosphate buffer, 
pH 7. The suspension was centrifuged for 20 min- 
utes in a Sorvall centrifuge at 12,000 r.p.m. The 
supernatant fluid, which contained the transacety- 
lase, was kept refrigerated at all times and was 
freshly prepared each day of use. Sufficient co- 
enzyme A is present in this extract so that no 
further additions are required. 

Since only small quantities of some of the mate- 
rials were available, only a few assays were per- 
formed. However, the data, given in Table 1, con- 


TABLE 1 
CONDENSING ENZYME ASSAY 


The components of the assay system were: Im phosphate buffer, 
pH 7, 0.025 ml.; 0.08 m MgCle, 0.05 ml.; 0.2 m cysteine (neutral- 
ized), 0.05 ml.; 0.14 m oxalacetic acid, 0.05 ml.; 0.1 m synthetic 
acetyl phosphate, 0.1 ml.; E. Colt extract, 0.20 ml.; acetone pow- 
der extract of the tissue and water to make a total volume of 1.00 
ml. After incubation in small test tubes for 10 minutes at 25° the 
reaction{was stopped by adding trichloroacetic acid to a final con- 
centration of 5 per cent. An aliquot of the supernatant solution 
was removed for citric acid determination according to Natelson 
et al, (15). 


uM citrate produced 


Tissue 10 min.X 100 mg. acetone powder 
Normal mouse liver 1.53 
Mouse mammary carcinoma 3.30 
Mouse hepatoma 2.90 
Mouse rhabdomyosarcoma 1.45 


vincingly demonstrate the presence of the con- 
densing enzyme in three mouse tumors in amounts 
at least as high as in mouse liver. The activities of 
these neoplastic tissues were of the same order as 
pigeon liver, reported by Stern and Ochoa (26), 
and were of a magnitude similar to that obtained 
by these investigators for other normal tissues 
(29). 

Aconitase and fumarase.—For assay of the 
hydrases, advantage was taken of the recent spec- 
trophotometric method described by Racker (21). 
With citrate or malate as the substrate, aconitase 
or fumarase activity is measured by the appear- 
ance of absorption at 240 mu of the corresponding 
unsaturated acids, cis-aconitic or fumaric. The 
test system contained, in a total volume of 3 ml., 
0.05 m phosphate buffer, pH 7.4, an aliquot of the 
tissue, and the substrate. For aconitase assay the 
enzyme was prepared by homogenizing the fresh 
tissue with 20 volumes of 0.1 m phosphate buffer, 
pH 7.4, and centrifuging off the residue at 3,000 
r.p.m. Fumarase was assayed in an extract of an 
acetone powder prepared as described in the con- 
densing enzyme assay. The reactions were carried 
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out in quartz absorption cells, with the use of the 
Beckman DU spectrophotometer. A unit of en- 
zyme activity is defined, according to Racker (21), 
as the amount causing an increase in optical den- 
sity (log [Ip/I}) of 0.001 per minute at room tem- 
perature, 22°-26°. The values obtained were cor- 
rected for changes in a control cell with substrate 
omitted. 

As shown in Table 2, both aconitase and fu- 


TABLE 2 


ACONITASE AND FUMARASE IN NORMAL 
AND NEOPLASTIC TISSUE 


The test systems consisted of the following: aconitase, 0.05 m phosphate 
buffer, pH 7.4; sodium citrate, 0.03 m; tissue extract and H20 to a total vol- 
ume of $ cc.; fumarase, 0.05 m phosphate buffer, pH 7.4; sodium malate, 
0.003 m; tissue extract and H2O to a total volume of $ cc. 


ACONITASE FUMARASE 
Units/mg dry wt Units/mg dry wt 
TIssuE of tissue of acetone powder 
Normal: 
Liver (mouse) 33 132 
Heart (rat) 72 96 
Liver (rat) 25 66 
Kidney (rat) 50 62 
Muscle (rat) 12 
Neoplastic: 
Hepatoma (rat) 133 
Hepatoma (mouse) 8.3 62 
Rhabdomyosarcoma (mouse) 2.2-5.0* 50 
Mammary adenocarcinoma 3.1-5.9* 50 
(mouse) 


* Range of three determinations. 


marase are present in neoplastic tissues. Though 
the fumarase content in tumors was comparable to 
that in normal tissues, aconitase activity was quite 
low. Since aconitase is a very unstable enzyme 
(3), it is not certain whether the low values ob- 
served represent a real deficiency or whether its 
inactivation was more rapid in the tumor than in 
normal tissue. 

Dehydrogenases.—In view of the long-held be- 
lief (31) that tumors are deficient in their capacity 
for the oxidation of carbohydrate, it was of special 
interest to test the neoplasms for their content of 
the dehydrogenases of the citric acid cycle, malic 
and isocitric dehydrogenases. Lactic dehydrog- 
enase was included in this study because of its 


- possible role in the high aerobic glycolysis of tu- 


mors. The method employed in this study was 
that of Mehler et al. (13), which provides a direct 
assay of the dehydrogenase by measuring the rate 
of oxidation or reduction of the specific coenzyme. 
The reactions measured are given in the equations 
below: 


Pyruvate + DPN-H, — Lactate + DPN (4). 
Oxalacetate + DPN-H: — Malate + DPN (5). 

Isocitrate + TPN — Oxalosuccinate -+ 
TPN-H, (6). 


The reactions were carried out in quartz micro- 
absorption cells of 1 cm. depth in the Beckman 
model DU spectrophotometer; the enzymatic ac- 
tivity was measured by the change in light absorp- 
tion at 340 muy resulting from the oxidation or re- 
duction of the pyridine nucleotide. The conditions 
outlined by Mehler et al. (13) were closely adhered 
to, except for the use of microcells requiring only 
one-tenth of the volume—viz., 0.3 ml. This re- 
sulted in a considerable saving of nucleotide with- 
out appreciable sacrifice of accuracy. After several 
preliminary readings, the reaction was started by 
the addition of substrate and readings taken at 15- 
second intervals. In accordance with Mehler e¢ al. 
(13), the enzymatic activity is given in units per 
milligram of acetone powder, the unit of activity 
being the amount of enzyme giving a change in log 
(Io/I) of 0.01 per minute at room temperature 
(22°-96°). A blank determination, with substrate 
omitted, was run simultaneously, and the values, 
ranging between 0 and 20 units/mg acetone pow- 
der, were subtracted from the gross rates to obtain 
corrected values, which are displayed in Table 3. 
A considerable range in activities was observed for 
normal tissues, but in every instance the values for 
neoplastic tissues were within this range. The gen- 
eral impression one obtains from an over-all survey 
of Table 3 is that the content of these dehydrog- 


TABLE 3 


DEHYDROGENASE ASSAYS IN ACETONE 
POWDER EXTRACTS 


The test media were as follows: for lactic and malic dehydrogenases, 
0.25 m glycylglycine buffer, pH 7.4, 0.03 ml.; 1.7 & 10-?m DPN-Hp, 0.02 ml.; 
0.04 m pyruvate, 0.02 ml., or 0.01 m oxalacetate, 0.10 ml.; 1:1000 acetone 
powder extract, 0.04 ml.; and water to a total volume of 0.30 ml. For isocitric 
dehydrogenase, 0.25 m glycylglycine buffer, pH 7.4, 0.03 ml.; 6.6 « 107-4 m 
TPN, 0.03 ml.; 0.05 m MnCl, 0.01 ml.; 1:500 acetone powder extract, 0.10 
ml.; and water to 0.30 ml. 


DEHYDROGENASE 
(Units /MG ACETONE POWDER) 
TiIssuE Lactic Malic Isocitric 

Normal: 

Heart (rat) 320 383 56.0 

Liver (mouse) 200 256 10.8 

Kidney (rat) 104 173 66 .0 

Muscle (mouse) 520 330 15.6 
Neoplastic: 

Rhabdomyosarcoma 160,220 148,208 6.7 

(mouse) 

Mammary tumor (mouse) 168 380 16.0 

Hepatoma (rat) 238 540 12.5-12.8* 

Hepatoma (mouse) 108 288 14.8 

Ascites (mouse) 165 200 4.8 


* Range of three determinations. 


enases in neoplastic tissues is on the low side, but 
definitely within the range of activities displayed 
by normal tissues. The data on lactic dehydrog- 
enase are in substantial agreement with those of 
Meister (14), who used a _ spectrophotometric 
method similar to the one employed here, and 
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those for isocitric dehydrogenase were in accord 
with previous assays of this enzyme using the 
Thunberg technic (2). 

Oxalacetic carboxylase —Although this enzyme 
is not directly involved in the reactions of the citric 
acid cycle, its assay was included in this study be- 
cause it undoubtedly plays an important role in 
the maintenance of the level of oxalacetate and 


TABLE 4 


OXALACETIC CARBOXYLASE IN NORMAL 
AND NEOPLASTIC TISSUE 


The test was carried out for 20 minutes at 25° (Ne gas phase) in conven - 
tional Warburg flasks containing the following substances in the designated 
final concentrations: acetate buffer, pH 4.5, 0.1 m; TPN, 25 yg.; MnCle 
0.001 mM; oxalacetic acid, pH 4.5, 0.02 m; and tissue in a total volume of 3 ml. 
The rate of spontaneous decarboxylation of oxalacetic acid during the test 
period (determined from a flask run simultaneously, containing all con- 
stituents except tissue) was subtracted from the CO2 evolved in the complete 
system. A blank without substrate permitted evaluation of the endogenous 
COs. The reaction rate expressed represents the net ul of CO2 evolved/mil- 
ligram of dry tissue/hour. 


net pl evolved 


Tissue mg dry tissueX hr 


Normal: 


Liver (mouse) 3.21 


Liver of hepatoma-bearing rat 2.40 
Neoplastic: 
Ascites (mouse) 3.48 
Hepatoma (rat) 2.45 
Rhabdomyosarcoma (mouse) 2.17 
Mammary gland adenocarci- 1.24 
noma (mouse) 
Hepatoma (mouse) 0.78 


thereby exercises control over the rate of the cycle. 
Its activity in whole, nondialyzed homogenates 
was assayed according to the procedure of Ven- 
nesiand et al. (30). The rate of breakdown of 
oxalacetate was estimated manometrically at pH 
4.5 and was corrected for spontaneous breakdown 
by subtracting the CO, evolved in a control flask 
containing no tissue. A further correction, for en- 
dogenous CO, production, was applied by sub- 
tracting the CO, production in the absence of sub- 
strate. 

The values given in Table 4 are expressed in 
ul/mg dry tissue/hour at 25° and are calculated 
from CO, outputs measured for the first 20 min- 
utes. The data leave no doubt concerning the 
presence of this enzyme in neoplastic tissues in 
amounts comparable to its content in normal liver 
cells. 

a-Ketoglutaric dehydrogenase.—Although the 
mechanism of ketoglutarate oxidation is not yet 
well understood, the reactions involved are prob- 
ably analogous to those of pyruvate oxidation (7), 
viz., a thiamine pyrophosphate and DPN-pro- 
moted series of reactions leading to formation of 
CO, and a succinic acid-coenzyme A complex. 
Lacking specific assay procedures for the individ- 
ual steps, the capacity of neoplastic tissues for car- 


rying out the oxidation of ketoglutarate was tested 
by measuring the increase in oxygen consumption 
produced on addition of the keto acid to washed, 
sedimentable particles of tumors, prepared ac- 
cording to the procedure of Kennedy and Lehnin- 
ger (8), and fortified by additions of cytochrome 
c, ATP, DPN, and magnesium ions.’ The results, 
as given in Table 5, are reported as Qo, (ul of oxy- 
gen consumed/equivalent of 1 mg dry weight of 
original tissue/hour). Although a-ketoglutarate 
oxidation was considerably more rapid in normal 
tissues, all the tumors displayed the ability to 
oxidize this acid. In view of the complexity of the 
system, the significance of these quantitative dif- 
ferences cannot be evaluated, but it can be con- 
cluded that tumors can oxidize ketoglutarate. 


DISCUSSION 


The present study provides definite evidence 
that neoplastic tissues possess the enzymatic 
equipment for carrying out reactions of the Krebs 
cycle. Although the procedures employed were not 
designed to give rigorous quantitative assays,‘ the 
results adequately demonstrate that specific en- 
zymatic processes known to be involved in the 
oxidation of carbohydrates and fatty acids by 
normal tissues can occur in tumors at rates which 
are comparable to those of normal tissues. Several 


TABLE 5 
a-KETOGLUTARATE OXIDATION IN WASHED PARTICLES 


The medium contained, in a total volume of 1.6 ml., the following sub- 
stances in the designated final concentrations: a-ketoglutarate, 7 «X 1073 
mM; MgSOu, 3 X 10-3 m; fumarate,7 XK 10-5 m; ATP, 2 X 10-3 m; cytochrome 
c,4 X 10-¢m; DPN, 1.9 10-3 m; phosphate buffer, pH 7.4, 6 10-3 m; and 
homogenate equivalent to 100 mg.of fresh tissue. Experiments were run 1 hour 
at 38° with air as the gas phase. 


Net uptake (yl) 


Net 
Tissue (0.3 ec of 1:2 homog)Xhr 
Normal: 
Liver (rat) 152 7.7 
Kidney (mouse) 78.7 4.0 
Kidney (rat) 11.3 
Neoplastic: 
Rhabdomyosarcoma (mouse) 65.1 $.3 
Mammary gland adenocarci- 62.7 3.2 
noma (mouse) 
Hepatoma (rat) 46.5 2.4 
Hepatoma (mouse) 42.3 2.1 


enzymes were found to have considerably lower 
activities in tumors than in normal cells; this was 
particularly true of aconitase and a-ketoglutaric 
dehydrogenase. It is possible that these enzymes 
(or others) constitute “bottle-necks”’ for the citric 


3 The method used was similar to one described recently by 
Ackermann (1). 


4 For example, the content of an enzy me in terms of acetone 
powder may not reflect its concentration in the fresh tissue, 
because of variations in water and lipid content. 
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acid cycle, and their low activity may account for 
some of the phenomena which have led previous 
investigators to conclude that carbohydrate or 
pyruvate oxidation was disturbed in neoplastic 
cells (20). On the other hand, since wide differ- 
ences in oxygen consumption are not observed be- 
tween intact normal and neoplastic tissues (31, 
35), it seems probable that differences in en- 
zymatic activity are due to various degrees of loss 
or inactivation during preparation rather than to 
different concentrations in the intact cell. 

Perhaps the most significant observations 
made in this study were (a) that the condensing 
enzyme is present in neoplastic tissue and (6) that 
malic and isocitric dehydrogenases are present in 
tumors in amounts comparable to those of normal 
tissue. The presence of the condensing enzyme 
definitely establishes the capacity of neoplastic 
tissues to form citric acid, a matter upon which 
considerable doubt was cast, particularly by the 
recent studies of Potter and Busch (19). On the 
basis of the observation of Buffa and Peters (4) 
that citrate accumulated in tissues poisoned with 
fluoroacetate, these investigators fed fluoroacetate 
to tumor-bearing rats and found that no citrate 
accumulated in the tv--or. They reasoned from 
these and other result — at “the ability of tumor 
tissues to form citrate is very low in comparison 
with a wide variety of normal tissues.”’ From the 
present results it would appear that the nonac- 
cumulation of citrate in fluoroacetate-poisoned 
neoplastic tissues cannot be due to absence of the 
condensing enzyme. 

The finding that lactic, malic, and isocitric de- 
hydrogenases are present in significant quantities 
in the neoplasms studied here is of particular inter- 
est in view of the low values of malic dehydroge- 
nase for rat tumors reported by Potter (18). We 
believe that these differences are due primarily to 
differences in experimental procedure. The method 
here employed is based directly on measurement of 
the oxidation or reduction of the coenzyme and is 
therefore dependent only on the presence of the 
specific apoenzyme. However, the method used by 
Potter, viz., measurement of oxygen uptake, re- 
quires an intact electron transport system. Al- 
though known co-factors were added, there is sub- 
stantial reason to assume that the concentration of 
DPN was a limiting factor in the assays of Potter 
(33, 37). Other evidence may be cited in support of 
this thesis. Rhian and Potter (24), again using a 
manometric method, reported that DPN-cyto- 
chrome c reductase was low in tumors, whereas 
Hogeboom and Schneider, using a spectrophoto- 
metric method, found a higher content of this en- 
zyme in neoplastic than in normal tissues (6). Pos- 


sibly some of the low values for lactic and malic 
dehydrogenases reported in tumors by Lenta and 
Riehl, using the Thunberg technic (10), may also 
have been due to lack of an essential electron 
transport factor. 


SUMMARY 

A series of transplanted mouse and rat tumors 
was assayed for their content of citric acid cycle 
and related enzymes, and the results were com- 
pared with a representative series of normal tis- 
sues. Lactic, malic, and isocitric dehydrogenases, 
fumarase, oxalacetic carboxylase, and the “con- 
densing” enzyme were found present in tumors in 
amounts comparable to those in normal tissues. 
Aconitase and a-ketoglutarate dehydrogenase were 
present in tumors but to lower extents than in nor- 
mal tissues. The results warrant the conclusion 
that neoplastic tissues possess the enzymatic 
equipment for the citric acid cycle. 
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The Synergistic Action of Mixtures of 
Certain Hepatic Carcinogens™ 


J. C. MacDona.p, E. C. Miter, J. A. MIL_er, ann H. P. Ruscu 


(McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison 6, Wis.) 


INTRODUCTION 


Both 2-acetylaminofluorene (AAF) and certain 
aminoazo dyes structurally related to 4-dimethyl- 
aminoazobenzene (DAB) induce high incidences of 
liver tumors when fed to rats. In each case the 
neoplasms have been classified as both hepatomas 
and cholangiomas (cf. 4, 6, 17, 18). The ingestion 
of compounds of either type causes marked de- 
creases in the pentosenucleic acid, protein, and 
riboflavin contents of certain fractions of the liver 
cells, and in both cases the greatest alterations 
occur in the composition of the large granules or 
mitochondria! (19). The tumor cells induced by 
either type of compound contain similar amounts 
of these constituents, and the levels are lower than 
those found in the damaged liver cells (7, 8, 20). 
The desoxypentosenucleic acid content of the 
average tumor cell induced by either type of agent 
is essentially the same as that for an average liver 
cell. However, both types of liver tumors have a 
higher nuclear density than liver and thus contain 
more desoxypentosenucleic acid per gram of tissue 
than does liver.! 

These similarities in the action of the two types 
of compounds suggested that their carcinogenic 
processes might also have some features in com- 
mon. As one approach to this problem, experi- 
ments were carried out to determine whether 
minimal doses of two carcinogens would give a 
synergistic response. Such a synergism has been 
found when low levels of 3’-methyl-4-dimethyl- 
aminoazobenzene (3’-Me-DAB) and 2-acetyl- 
aminofluorene were fed together. These results ap- 
pear to be consistent with, but not proof of, the 
hypothesis that there is a phase in the carcino- 
genic process which is common to both agents. 


* This work was supported in part by grants from the Na- 
tional Cancer Institute, Public Health Service, and the Ameri- 
ean Cancer Society upon recommendation by the National 
Research Council. 

1A. K. Laird and E. C. Miller, unpublished data. 
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METHODS 


Male albino rats,? weighing 180-220 gm. (Series 
A), 195-250 gm. (Series B), or 160-200 gm. (Series 
C and D) were housed in screen-bottom cages in 
groups of four with feed and water available ad 
libitum. 

The basal diet for Series A and B was composed 
of ground yellow corn, 68; linseed oil meal, 16; 
powdered skim milk, 12; alfalfa leaf meal, 2; cod 
liver oil, 1; iodized salt, 0.5; and tricalcium phos- 
phate, 0.5. The diets containing the carcinogens 
were made by mixing 990 gm. of this diet with 10 
gm. of a glucose triturate of the carcinogen, and 
each diet was fed to 15-20 rats. This crude diet 
was selected, since it permits more rapid liver tu- 
mor formation with AAF (13) than any purified 
diet reported so far (7). 

In Series A (Table 1) Groups 1-3 were fed diets 
containing either 0.018 per cent of AAF, 0.020 per 
cent of 3’-Me-DAB, or both of these compounds 
for 180 days. Groups 4—7 were fed diets containing 
either 0.036 per cent of AAF or 0.040 per cent of 
3’-Me-DAB for 90 days, followed by rations con- 
taining either the other carcinogen or the basal 
diet for another 90 days. Groups 8-10 (Series B) 
were duplicates of Groups 1-3 (Series A), except 
that the carcinogens were fed for only 130 days. 
The ration for Group 11 had 0.025 per cent of 3- 
acetylaminodibenzothiophene (ABT) and 0.020 
per cent of 3’-Me-DAB, while Group 12 was given 
0.064 per cent of 4’-methyl-4-dimethylaminoazo- 
benzene (4’-Me-DAB) in addition to 0.018 per 
cent of AAF. Groups 13 and 14 received diets to 
which 0.025 per cent of 3-ABT and 0.064 per cent 
of 4’/-Me-DAB, respectively, had been added. The 
rats in the latter groups were fed the carcinogens 
for 130 days. 

At the end of the feeding periods indicated, the 
livers of all the surviving rats were examined by 
laparotomy, and the rats were then fed the basal 


2 Obtained from the Holtzman-Rolfsmeyer Rat Co., Madi- 


son, Wis. 
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diet for an additional 95 days to allow latent tu- 
mors to develop. Tumor-bearing rats were killed 
throughout the experiment when tumors were 
large or death appeared imminent, and the sur- 
viving rats were killed at the end for a final tumor 
count. In the case of tumor-bearing rats at least 
one tumor from the liver or the intestinal epi- 
thelium and all other tumors (except those arising 
from the ear duct) or questionable areas were fixed 
in Mossman’s modification of Laudowsky’s for- 
malin, alcohol, and acetic acid mixture (9), sec- 
tioned, stained with hematoxylin and eosin, and 


duplicate of Series C, except that the diets con- 
tained 2.0 mg. of riboflavin/kg, and the dye-con- 
taining diets were fed for 150 days. 

The aminoazo dyes used in these experiments 
were synthesized by the general procedure for the 
preparation of N,N-dialkyl-substituted dyes (15) 
and recrystallized from benzene-petroleum ether 
mixtures. For the preparation of AAF, 2-amino- 
fluorene, made from fluorene as described by Kuhn 
(12), was dissolved in a large volume of benzene 
and acetylated by the addition of a 10 per cent 
excess of acetic anhydride in benzene solution. The 


TABLE 1 
TUMOR INCIDENCES IN RATS FED VARIOUS COMBINATIONS OF CERTAIN HEPATIC CARCINOGENS 


GrRouUP No. RATS WITH No. RATS BEARING TUMORS IN THE NEGaA- 
NO. CARCINOGENS* FED FOR THE PERIOD SURVIVAL} GROSS CIRRHOSIS: Small TIVE 
i ild Moder- ; Ear intes- SUR- 
ate Liver duct tine VIVORS 
Series (0-90 days) (90-180 days) (180 days) (180 days) (180 days) (270days) (270days) (270days) (270days) 
A: 
1 0.018 percent AAF+0.020 per same 16/16 9 7 10 16 3 0 0 
cent 3’-Me-DAB 
2 0.018 percent AAF same 16/16 10 2 1 12 3 1 1f 
3 0.020 percent 3’-Me-DAB same 16/16 0 0 0 0 0 0 16 
4 0.036 percent AAF 0.040 per cent 16/16 9 7 10 14 3 4 0 
3’-Me-DAB 
5 0.040 per cent 3’-Me-DAB 0. a cent 15/16 10 5 4 12 0 0 1t 
6 0.036 percent AAF none 16/16 7 4 9 13 3 7 0 
7 0.040 per cent 3’-Me-DAB none 16/16 0 0 1 2 0 0 14 
(0-130 days) (130 days) (130 days) (180 days) (220days) (220days) (220days) (220 days) 
8 0.018 percent AAF+0. 020 per cent 3’-Me-DAB 20/20 6 10 9 19 2 2 0 
9 0.018 percent AAF 20/20 9 0 0 2 0 0 16 
10 0.020 percent 3’-Me-DAB 19/20 0 0 0 0 0 0 17 
ll 0.025 per cent ABT +0. 020 per cent 3’-Me-DAB 15/15 0 0 0 1 8 1 6 
12 0.018 percent AAF +0. 064 per cent 4’-Me-DAB 14/15 4 1 0 3 0 0 8t 
13 0.025 percent ABT 14/15 0 0 0 0 3 3 8 
14 0.064 percent 4’-Me-DAB 15/15 0 0 0 0 0 0 7 


* AAF = 2-acetyla minofluorene; ABT = 3-acetylaminodibenzothiophene; 3’-Me-DAB = 8’-methyl-4-dimethylaminoa 


yl4-dimethyla 


benzene; 4’-Me-DAB = 4’-meth- 


t Survival = number of sete alive at the end of the compound-feeding period over the number started. 
t Other tumors found in this series included a myxofibroma (Group 5), a benign cystadenoma (Group 9), a fibrosarcoma (Group 13), and a mammary ade- 


nocarcinoma (Group 2). 


examined microscopically. The tumors originating 
from the ear duct were not examined microscopi- 
cally, since this type of tumor had been studied 
earlier (5, 10). 

In Series C four groups of twelve rats each were 
fed diets containing 0.030 or 0.060 per cent of 4- 
dimethylaminoazobenzene (DAB), 0.064 per cent 
of 4’-Me-DAB, or 0.030 per cent of DAB plus 
0.032 per cent of 4’/-Me-DAB. The basal diet for 
this series was composed of crude casein, 12; 
Vitab,® 2; salts, 4; glucose, 77; corn oil, 5; and 
riboflavin to a total content of 1.0 mg/kg; the dyes 
were added to the diets in corn oil solution. After 
the dye-containing diets had been fed for 130 days, 
the liver of each rat was examined by laparotomy, 
and the rats were then fed the basal diet for 60 
days before the final tumor count. Series D was a 


3 Obtained from the National Oil Products Co., Harrison, 
New Jersey. 


reaction mixture was boiled under reflux for 1 
hour, and the AAF which crystallized out was 
washed repeatedly with benzene. ABT (3) was 
generously furnished by Dr. R. B. Sandin of the 
University of Alberta. 


RESULTS 

Combined feeding of 3'-methyl-4-dimethylami- 
noazobenzene and 2-acetylaminofluorene.—The data 
on the survival and tumor incidences for the rats 
fed AAF and 3’-Me-DAB in the grain diet are de- 
tailed in Table 1. Most of the rats gained 120-200 
gm. during the period in which the compounds 
were fed, and in both series the survival of the rats 
to the end of the carcinogen-feeding periods was 
excellent. In general, the survival of the nontumor- 
bearing rats to the end of the experiment was also 
good, but a high incidence of fatal respiratory in- 
fection at about 175 days decreased the number of 
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survivors in the group fed 4’-Me-DAB (Group 14). 
Most of the rats fed AAF had a mild to moderate 
degree of gross hepatic cirrhosis, while those not 
fed AAF generally had little or no gross evidence of 
liver damage. 

A striking synergistic action in the induction of 
liver tumors was observed when low levels of AAF 
and 3’-Me-DAB were fed simultaneously. At 180 
days hepatic tumors were found in 62 per cent of 
the rats fed the diet containing both AAF and 3’- 
Me-DAB (Group 1), while only 6 and 0 per cent of 
those fed either AAF or 3’-Me-DAB alone had 
liver tumors at this time (Groups 2 and 3). After 
95 days on the basal diet the tumor incidences were 
100, 75, and 0 per cent for those fed the mixture, 
AAF, or 3’-Me-DAB, respectively. When this ex- 
periment was repeated with a carcinogen-feeding 
period of only 130 days, the synergistic action of 
the two compounds was even more definite. Thus, 
45 per cent of the rats fed the mixture of AAF and 
3’-Me-DAB had liver tumors by 130 days, while 
none could be detected in the livers of animals fed 
either compound alone (Groups 8-10). After the 
basal diet had been fed for 95 days, the tumor inci- 
dence rose to 95 per cent for the group fed both 
carcinogens, while liver tumors were found in only 
10 and 0 per cent of the rats fed AAF or 3’-Me- 
DAB alone. 

When 0.036 per cent of AAF was fed for the first 
90 days and 0.040 per cent of 3’-Me-DAB was 
given the second 90 days, 88 per cent of the rats 
developed liver tumors (Group 4). Eighty per cent 
of the animals fed these carcinogens in the reverse 
sequence had hepatic tumors at the end of the ex- 
periment (Group 5). However, since 81 per cent of 
the control rats fed this level of AAF for 90 days 
and then maintained on the basal diet also devel- 
oped this type of tumor, no conclusions regarding 
the additive action of these compounds when fed 
in sequence are possible. Only two of the sixteen 
rats fed 0.040 per cent of 3’-Me-DAB in this diet 
for 90 days had tumors by the end of the experi- 
ment. 

The synergistic action of 3’-Me-DAB and AAF 
in the induction of liver tumors raised the question 
of whether a weak carcinogen of either series might 
augment the activity of a strong carcinogen of the 
other series. The compounds chosen for this experi- 
ment were 4’/-Me-DAB, which is less than one- 
twelfth as active as 3’-Me-DAB in the induction of 
hepatic tumors (14), and ABT (a sulfur analog of 
AAF), which is as active as AAF in the induction 
of tumors of the ear duct, mammary gland, and 
small intestinal epithelium‘ but does not cause 


4 The occurrence of this type of tumor was not noted in our 
previous paper (13) since only a casual examination of the in- 


liver tumors (13). When 4’-Me-DAB and AAF 
were fed simultaneously, no evidence of synergism 
was obtained, since the tumor incidence was essen- 
tially the same as that observed when the same 
level of AAF was fed alone (Groups 9 and 19). 
Similarly, when 0.025 per cent of ABT and 0.020 
per cent of 3’-Me-DAB were fed together, only one 
of 15 rats developed liver tumors, and no hepatic 
tumors were found in the animals receiving either 
of these compounds alone (Groups 10, 11, and 13). 

Regardless of the compound or mixture of car- 
cinogens fed, most of the hepatic neoplasms found 
in the present experiment appeared to be derived 
from the parenchymatous cells. Thus, in the vari- 
ous groups 77—93 per cent of the liver tumors were 
classified as hepatomas, 7-24 per cent as chol- 
angiomas, and 8 per cent as adenocarcinomas (6, 
17). Ten to 20 per cent of the tumors had elements 
of both hepatomas and cholangiomas, and these 
tumors were classified according to the predomi- 
nant cell type in the sections studied. No char- 
acteristic differences were observed between the 
tumors induced solely by AAF or by a mixture of 
AAF and 3’-Me-DAB. Only one neoplasm induced 
solely by 3’-Me-DAB was available for study. 

As in other experiments (2, 13), appreciable 
numbers of squamous-cell carcinomas arising from 
the ear duct and adenocarcinomas of the small 
intestine‘ were found in the rats fed either AAF or 
ABT. While the simultaneous ingestion of 3’-Me- 
DAB and AAF had little or no effect on the rate of 
development of these tumors, the administration 
of 3’-Me-DAB with ABT appeared to augment the 
induction of the tumors arising from the ear duct. 
Thus, eight of the rats fed 3’-Me-DAB and ABT 
together and only three of those fed ABT alone 
had tumors of this type at the end of the experi- 
ment. Other less frequently occurring tumors in- 
cluded a benign cystadenoma near the vertebral 
column of a rat in Group 9 fed AAF and a fibro- 
sarcoma in the same region of a rat from Group 13 
which ingested ABT. A myxofibroma was found 
under the leg of an animal from Group 5 fed 3’- 
Me-DAB and AAF in sequence, and an adeno- 
carcinoma of the mammary gland developed in a 
rat from Group 2 given AAF. 

Combined feeding of 4-dimethylaminoazobenzene 
and 
ing the very weak hepatic carcinogen 4’-Me-DAB 
simultaneously with a minimal carcinogenic dose 
of the more active dye DAB markedly stimulated 
the induction of liver tumors (Table 2). Thus, in 
Series C only 16 per cent of the rats fed 0.030 per 


testines was made. It is necessary to strip the intestines from 
the mesentery to expose adequately these tumors. 


‘ 
= 
C 
- 
BAG 
S 
{ 
. 
Cc 
t 
FE 
|. 
| 
> 
ore 
pity 
hi 
Ae 
Be 
3 
“wer 
( 
a 
te 
a. 
2 e 
' 


MacDona.p et al.—Synergistic Action of Hepatic Carcinogens 


53 


cent of DAB had developed liver tumors by 190 
days, while 67 per cent of those fed 0.030 per 
cent of DAB plus 0.032 per cent of 4--Me-DAB 
developed tumors in the same period. None of the 
rats fed 4’-Me-DAB at twice this level developed 
tumors, and other experiments (14, 16) have 
shown that 0.064 per cent of 4’-Me-DAB must be 
fed to rats for 8-12 months to induce even a low 
incidence of hepatic tumors. However, extra DAB 
was a more effective supplement than 4’-Me-DAB, 
since all the rats fed 0.060 per cent of DAB devel- 
oped liver tumors and the induction period was 
considerably shorter. 

In Series D, in which the rate of tumor induc- 
tion was slower (probably because of the higher 


should be no greater than the sum of the responses 
induced by each compound alone, if the neoplastic 
processes induced by each agent were entirely in- 
dependent of one another or if the processes were 
similar and limited at the same step. On the other 
hand, a synergistic response would be expected if 
the processes possessed one common step which 
was limiting for only one of the two carcinogens. 
Synergism would also be expected if the carcino- 
genic processes had two or more steps in common 
and each had a different rate-limiting step. 
However, other factors must also be considered. 
Data of this type might also result from altered 
rates or pathways of metabolism following simul- 
taneous administration of the two compounds. 


TABLE 2 


INCIDENCE OF HEPATIC TUMORS IN RATS FED 4-DIMETHYLAMINOAZOBENZENE 
AND 4’-METHYL-4-DIMETHYLAMINOAZOBENZENE 


Gross Hepatic Negative 
Group Diet Survival* cirrhosis tumors survivors 
Series C: (130 days) (130 days) (130 days) (190 days) (190 days) 
1 0.060 per cent DABT 12/12 Moderate- 11 12 0 
Severe 
2 0.030 per cent DAB 12/12 None-Mild 1 2 10 
3 0.030 per cent DAB+0.032 per cent 9/12 Mild-Moderate 2 6 3 
4'-Me-DABT 
4 0.064 per cent 4’-Me-DAB 12/12 None 0 0 12 
Series D: (150 days) (150 days) (150 days) (210 days) (210 days) 
5 0.060 per cent DAB 15/16 Mild-Moderate 4 13 0 
6 0.030 per cent DAB 13/16 None-Mild 0 0 8 
7 0.030 per cent DAB-+-0.032 per cent 14/15 None-Mild 0 3 11 
4’-Me-DAB 
8 0.064 per cent 4’-Me-DAB 17/17 None 0 0 12 
* Survival = number of rats alive at end of dye-feeding over number started. 
DAB = 4-dimethylaminoazobenzene; 4’-Me-DAB = 


level of dietary riboflavin), none of the rats fed 
0.030 per cent of DAB or 0.064 per cent of 4’-Me- 
DAB developed liver tumors. However, 21 per 
cent of the animals fed 0.030 per cent of DAB and 
0.032 per cent of 4’-Me-DAB together and 87 per 
cent of those given 0.060 per cent of DAB had 
tumors by the end of the experiment. 


DISCUSSION 


The data clearly demonstrate that the simul- 
taneous administration of AAF and 3’-Me-DAB or 
DAB and 4’-Me-DAB resulted in a higher inci- 
dence of liver tumors than the sum of the inci- 
dences obtained when the same levels of each of 
the compounds were fed singly. However, the 
mechanism through which these pairs of com- 
pounds produced a synergistic response is difficult 
to ascertain. One approach is to assume, as a work- 
ing hypothesis, that tumor induction by these 
compounds is a multistage process and that the 
over-all rate is determined largely by the rate at 
the slowest step. Then the carcinogenic response 


For instance, the rat may be able to maintain a 
higher effective level of one or both carcinogens in 
the liver cells when the compounds are adminis- 
tered together than would be observed if the 
metabolism of each compound were unaffected by 
the presence of the other. Again, the role of irrita- 
tion in stimulating the growth of latent tumor cells 
in the skin of mice following minimal applications 
of the carcinogenic hydrocarbons (1, 11) suggests 
that under some conditions regeneration of dam- 
aged areas in the liver might favor the growth of 
latent hepatic tumor cells. Thus, 3’-Me-DAB 
might act as a co-carcinogen for AAF, while AAF 
was also a co-carcinogen for 3’-Me-DAB. 

Quite different results were observed by Rich- 
ardson and Cunningham (21) when 20-methyl- 
cholanthrene was administered intravaginally to 
rats receiving 3’-Me-DAB in the diet. Under these 
conditions there was a marked reduction in the 
incidence of hepatic tumors and the degree of liver 
damage as compared to that observed when 3’-Me- 
DAB was administered alone. 
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SUMMARY 


1. When 2-acetylaminofluorene and 3’-methyl- 
4-dimethylaminoazobenzene were fed simultane- 
ously in a grain diet to male rats, the incidence of 
hepatic tumors was greater than the sum of the 
tumor incidences obtained when the carcinogens 
were fed singly. No synergistic effect on liver tu- 
mor induction was observed when 3’-methyl-4- 
dimethylaminoazobenzene and 3-acetylaminodi- 
benzothiophene or 4’-methyl-4-dimethylamino- 
azobenzene and 2-acetylaminofluorene were fed 
together. 

2. The incidence of tumors arising from the ear 
duct was greater in rats fed both 3’-methyl-4- 
dimethylaminoazobenzene and 3-acetylaminodi- 
benzothiophene than in animals fed only the latter 
compound. 3’-Methyl-4-dimethylaminoazoben- 
zene did not augment the induction of ear duct 
tumors by 2-acetylaminofluorene. 

3. The simultaneous administration of 0.032 
per cent of 4’-methyl-4-dimethylaminoazobenzene 
and 0.030 per cent of 4-dimethylaminoazobenzene 
was a more effective carcinogenic stimulus for the 
liver of male rats than either 0.030 per cent of 4- 
dimethylaminoazobenzene or 0.064 per cent of 4’- 
methyl-4-dimethylaminoazobenzene alone; it was 
a less effective dose than 0.060 per cent of 4- 
dimethylaminoazobenzene. 

4. 2-Acetylaminofluorene and 3-acetylamino- 
dibenzothiophene also induced tumors in the small 
intestinal epithelium of 10-35 per cent of the rats 
fed these compounds. 
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On the Induction of Malignant Jumors in Pigeons by a 


Chicken Sarcoma Virus after Previous Adaptation 
of the Virus to Ducks” 


Pauto R. F. BorcEs} AND F. DurAN-REYNALS 


(Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine, and the Department of Microbiology, 
Yale University School of Medicine, New Haven, Conn.) 


It was previously reported (5) that cells from 
duck variants of the Rous sarcoma were effective 
in inducing malignant growths in adult pigeons 
inoculated in the breast; this is in contrast to re- 
sults obtained with the original chicken tumor (2). 

The present study is concerned with the effect 
of filtrates from one of the duck variants, and also 
with characteristic features of the pigeon tumors— 
induced by either cells or filtrates—which are as- 
sociated with a special state, masking, of the 
causative virus. 


MATERIALS AND METHODS 


The pigeons employed were of the varieties 
commonly found in the markets; the chickens and 
ducks were of the Plymouth Rock and Pekin 
breeds, respectively. 

The duck tumor, variant 14 (d) 7 of the Rous sar- 
coma, was obtained by injecting a newly hatched 
duck with a cell suspension of the chicken tumor 
grown in a host 14 months old (4). It is the most 
malignant of all the variants of the Rous sarcoma, 
and, in contrast to the behavior of other variants 
(1), the causative virus kept its pathogenic power 
for adult chickens despite its adaptation to ducks. 
In both chicks and ducklings the virus induces 
rapidly growing tumors which are frequently fol- 
lowed by widespread metastases and hemorrhagic 
lesions (4, 7). 

Cell suspensions from this tumor consisted of 1 
part of the tumor tissue passed through a mincer 
and 4 parts of saline solution. Filtrates were made 
of 1 part of ground tumor and 19 of saline solution, 
the resulting extract being passed through a Berke- 
feld ““N”’ filter. 


* This investigation was aided by grants from the Jane 
Coffin Childs Memorial Fund for Medical Research, the 
American Cancer Society, and the National Cancer Institute, 
National Institutes of Health, Public Health Service. 


t Fellow of the Finney-Howell Research Foundation. 
Received for publication September 28, 1951. 


Both cell suspensions and filtrates were injected 
into the breast of pigeons, ducklings, and chicks at 
doses of 1 or 2 cc. Filtrates were sometimes in- 
jected into the veins of ducklings and chicks. The 
same methods were followed when tumor tissue or 
bone marrow from tumor-bearing pigeons was used 
for further passages. The age of the birds at the 
time of injection will be indicated in the corre- 
sponding sections. 

For histological studies, hematoxylin and eosin 
stain was routinely used. Special staining or im- 
pregnation methods were performed for elastic, 
collagenous, or reticular fibers, for iron-containing 

pigments, and also for the detection of acid-fast or 
ordinary bacteria and fungi. Blood smears were 
stained with the May Griinwald and Giemsa solu- 
tions. 

Transmissibility of duck sarcomas to pigeons by 
means of filtrates and cell suspensions.—The results 
of the inoculation of pigeons of different ages with 
these tumor materials are given in Table 1. 

It is clear from the data that cell suspensions in- 
duced tumors in all the twelve pigeons which re- 
ceived injections, while filtrates were grossly ef- 
fective in only nine of seventeen pigeons. The tu- 
mors regressed in five of the pigeons of the former 
group and in six of the latter group. However, the 
incidence of regression would have probably been 
higher in both groups if the tumor-bearing pigeons 
had not been killed for passage purposes, as was 
done in all but three cases in which the pigeons 
died with tumors. 

Growth was faster after injection of cells than 
after that of filtrates, in the former case tumors 
being noticeable as early as 1 week after inocula- 
tion, as compared to 2 or 3 weeks in the latter case. 
In several birds the tumors attained sizes of 16 sq. 
cm. after intervals of as long as 5 months. How- 
ever, regression of tumors of this large size was ob- 
served. The growths were soft, infiltrating, and 
often showed necrotic areas. 
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Metastases, in the liver and ribs, were observed 
only in three pigeons; two of them had been in- 
jected with cells and the other with filtrate. Hem- 
orrhagic lesions, which so frequently develop in 
chicks and ducklings injected with tumor viruses 
(1, 2, 4, 6), were never observed in the pigeons. 

Data concerning the transmissibility of the 
pigeon tumors are given in Table 2. In experiments 


TABLE 1 


EFFECTIVENESS OF CELLS AND FILTRATES FROM A DUCK 
VARIANT OF THE ROvuS SARCOMA IN INDUCING 
TUMORS IN PIGEONS 


REsvULTs 
Pro- Growth 
Tumor gres- and 
MATERIAL NO. OF AGE OF sive regres- No 
Exp. INJECTED* PIGEONS PIGEONS growth sion growth 
1 CS. 1 7 days 1 
2 F. 3 7 days 1 1 1 
3 S. Q 2 wks. 1 1 
4 F. 3 2 wks. g 1 
5 CS. 2 5 wks. 1 1 
6 F. 3 5 wks. 1 2 
7 C.S 2 6 mos. 2 
8 F. 3 6 mos. 1 1 1 
9 CS. 5 1-2 yrs. 5 
10 F. 5 1-2 yrs. 5 


* C.S. = cell suspension; F. = filtrate. 


2, 3,5, 7, 8, and 9 the tumors were induced by cells 
of the duck variant, whereas in experiments 1, 4, 6, 
and 10 they were induced by filtrates. In this sec- 
ond passage the age of the pigeons varied from 6 
weeks to 5 months, and that of the ducklings and 
chicks from 5 to 10 days. Half the number of the 
ducklings and chicks was injected with 1 ce. of fil- 
trate in the vein instead of the breast. 

From the data in the table and some comple- 
mentary observations the following are clear: 

1. Filtrates from the pigeon tumors were inac- 
tive in other pigeons, and also in ducklings and 
chicks. 

2. Cell suspensions from the ten pigeon tumors 
tested were equally inactive in inducing steadily 
growing tumors in other pigeons. However, tem- 
porary growth was obtained, at least in some cases, 
as shown by the frequent development of nodules 
in the injected site, and by the fact that in one bird 
that was killed a nodule of that sort proved to be a 
tumor. Other lesions of an inflammatory-like char- 
acter were sometimes found in the breast muscle of 
the inoculated pigeons. These lesions will be de- 
scribed later. 

3. Cell suspensions from four of the five pigeon 
tumors tested induced, in chicks and ducklings, 
steadily growing tumors which were frequently 
followed by widespread metastases and hemor- 
rhagic lesions. Filtrates from one duckling tumor 
and from one chick tumor proved to be effective 


on other chicks and ducklings. The only pigeon 
tumor, in experiment 9, that failed to grow in chicks 
and ducklings was a tumor 10 weeks old in a host 
20 months old. 

Microscopic studies —A previous investigation 
(1) disclosed two puzzling features in the 14 
(d) 7 duck variant growing in pigeons which have 
been here studied in more detail. The first was the 
frequent presence in the tumor of formations re- 
sembling atypical inflammatory granulomas, and 
the second was the occurrence, in some cases, of a 
myeloid infiltration close to or distant from the 
tumor, so conspicuous as to make one suspect the 
existence of a leukotic process. 

The granuloma-like lesions were especially pres- 
ent, in the primary tumors or their metastases, 
around areas showing regressive phenomena (Figs. 
1 and 2). These areas were made up of necrobiotic 
or necrotic tissue surrounded by giant cells. The 
latter, apparently derived from the tumor cells, 
had in general an irregular shape and contained 
hyperchromatic nuclei, resembling foreign body 
giant cells. In a few cases recent hemorrhage or a 
slight granulocytic infiltration were present around 
the layer of giant cells. No foreign bodies, acid-fast 
bacilli, or any other micro-organisms could be de- 
tected on the histological sections. These lesions 
apparently were determined by two mechanisms: 


TABLE 2 


EFFECTS OF CELLS AND FILTRATES FROM PIGEON TUMORS 
ON PIGEONS, DUCKLINGS, AND CHICKS 


Donor HOST 


Age of Age of RECIPIENT HOSTS 


Pigeon Tumor Pigeons Ducklings Chicks 

Exp. (Mos.) (Wks.) CS. F. Cm F. CS. F. 
1 2 s* 0/5 2/2 

2 2 3* 0/4 2/2 

3T 15 4 0/4 0/6 0/2 3/3 0/5 
4 10 1/2* 0/4 2/2 

5 2 5 1/2 0/4 

6 2 9 0/9 

7 15 10 0/4 0/5 
St 5 10 0/1 

9 20 10 0/1 0/4 0/2 0/8 0/2 0/8 
10 15 10 0/4 0/5 


Figures expressing the results indicate the number of animals developing 
tumors over the total of animals inoculated. 

* Tumor secured by biopsy. 

t Pool of two tumors. 

t Same tumor as that of experiment 2, secured after death. 


(a) a regressive process, necrobiosis, followed by 
the giant cell reaction and (b) the same reaction, 
preceded by focal hemorrhage with destruction of 
the blood cells. The latter mechanism was more 
frequently observed and seems to afford the most 
probable explanation for the granuloma-like le- 
sions present in recent metastatic foci. The ex- 
planation largely coincides with that given by 
Rous (9), who also mentioned small giant cells 
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located especially around regions of degeneration 
in the Rous sarcoma growing in chickens (10). 

Lesions somewhat comparable to the ones found 
in the tumors were also observed at the site of in- 
jection, in the breast muscles of three pigeons, 
when attempting a second cell passage of pigeon- 
grown tumors (Fig. 3). In these cases a granulom- 
atous structure was much more evident, the 
layer of giant cells being surrounded by fibroblasts 
intermixed with round cells, a few granulocytes, 
and occasional red blood cells. No foreign body or 
micro-organism was found. Apparently, these le- 
sions were the consequence of a nonspecific local 
tissue reaction against the tumor material inocu- 
lated and should be considered as a foreign body 
type of granuloma, in the same class as those pro- 
duced by Levine (8) in the muscles of chicks in- 

jected with suspensions of powdered normal 
of chickens.! 

To determine the meaning of the myeloid in- 
filtration around the tumors, a systematic morpho- 
logical study of the blood was carried out on 26 
pigeons which had received successful or unsuc- 
cessful injections in the breast muscle of cell sus- 
pensions or filtrates from duck or pigeon tumors. 
Another six normal pigeons were similarly studied. 
Blood smears were taken at least once before the 
pigeons were injected and, in most cases, several 
times afterward, generally at 1—2-week intervals; 
a final blood examination was always made before 
the pigeons were killed. In no case were changes in 
the blood observed that made one suspect that a 
leukemic condition existed. 

In an additional experiment, 1 cc. of either hepa- 
rinized blood or a suspension of bone marrow cells of 
tumor-bearing pigeons was injected into the breast 
muscles of eight pigeons; for a control, 1 cc. of a 
similar suspension of cells from a normal duckling 
was injected into three pigeons. No alterations 


1 The following observations made on separate pigeons, not 
included in the tables, are worth mentioning. Three out of 
nine pigeons, injected intravenously with 1 cc. of filtrate of 
one of the pigeon tumors, developed, in the liver and lung, 
lesions which grossly resembled tumors. Microscopically, how- 
ever, the lesions were typical of tuberculosis, and appropriate 
stains revealed the presence of acid-fast bacilli. A curious 
situation was found in one of the pigeons bearing a large 
tumor in the breast induced by cells from the 14 (d) 7 sarcoma. 
In this bird, in addition to atypical metastasis in the ribs, were 
nodules in the lungs and liver (Fig. 4) which could be inter- 
preted as tuberculous granulomas or tumor metastases show- 
ing the granuloma-like lesions above described; acid-fast 
bacilli were not present. Whether the pigeons showing the 
tuberculous lesions were affected by the disease before inocula- 
tion of the tumor material or whether the latter revived a 
latent tuberculous infection cannot be decided. The observa- 
tions illustrate possible causes of error when working on 
pigeon tumors. 


worth recording were observed in any of the inocu- 
lated animals. 


DISCUSSION 


Since filtrates of the duck variant 14 (d) 7 of the 
Rous sarcoma were effective in adult pigeons and 
since it was known (4) that filtrates of the same 
tumor were also effective in adult chickens, a situa- 
tion was created in which the same virus was 
capable of inducing sarcomas in mature individ- 
uals from three different animal species. 

This indicates that, in the process of variation 
of the original Rous virus, which resulted in its 
adaptation to ducks, the virus not only kept its 
pathogenic power for the original species, the 
chicken, but acquired at the same time a patho- 
genic power for still another species, the pigeon. 
Whether the young age of the donor ducks was re- 
sponsible for the inability of the virus to vary, as is 
the case in the chicken-duck sequence (3), or 
whether the virus was inherently incapable of 
further variation remains to be determined. 

The tumor virus became masked in the pigeon 
tumors, as shown by the ineffectiveness of their 
filtrates in pigeons, ducklings, and chicks, and be- 
came unmasked upon growth of the tumors in 
ducklings and chicks, as shown by effectiveness of 
tumor filtrates in other ducklings and chicks. An- 
other manifestation of the masking-unmasking se- 
quence was the absence, in tumor-bearing pigeons, 
of hemorrhagic lesions—the lesions expressing the 
effect of a free virus (6)—and the frequent pres- 
ence of such lesions in the ducklings and chicks in 
which the pigeon tumor was transplanted. These 
phenomena are essentially the same as those ob- 
served in the original Rous virus which becomes 
masked in tumors in old chickens and is unmasked 
in chick tumors (6).? 

With the Rous sarcoma, virus masking was sig- 
nificantly associated with signs of depression of the 
growths such as low metastasizing power and low 
transmissibility by cells, events frequently fol- 
lowed by tumor regression (6). The same phe- 
nomena have been observed in the pigeon tumors, 
for metastases were observed in only three out of 
ten tumors that grew progressively, and regression 
was frequent in the first generation, in eleven out 
of 21 tumors, and was constant, in the second gen- 
eration, in the birds in which initial growth was ob- 
served.’ Also, the frequent presence of granuloma- 


2 This observation, as well as others pertaining to the be- 
havior of the Rous sarcoma in old chickens, is part of an in- 
vestigation carried out by Dr. P. M. Freire and ourselves, the 
results of which will soon be published. The main points of 
this investigation have been summarized in a review (6). 

3 It may be significant in this respect that the only pigeon 
tumor that failed to grow in ducklings and chicks, in experi- 
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like formations and the infiltration associated with 
the tumors were probably indicative of failing 
tumor growth. 


SUMMARY 


Filtrates from a variant of the Rous sarcoma, 
effective in both chickens and ducks, induced tu- 
mors in nine out of seventeen pigeons inoculated. 
Cell suspensions from the same variant induced 
tumors in all the twelve pigeons inoculated. 

From the total of 21 tumors produced by either 
cells or filtrates, metastases were observed in only 
three cases, while regression occurred in eleven 
cases. The tumors could not be maintained by fur- 
ther cell passages in pigeons. 

In all the ten pigeon tumors studied in this re- 
spect, the virus was found to be masked, as shown 
by the ineffectiveness of its filtrates in pigeons, 
chicks, and ducklings. The virus became un- 
masked in chicks and ducklings, as shown by the 


effectiveness of filtrates from the tumors induced 


ment 9 of Table 2, was, of all the tumors tested, the oldest 
tumor growing in the oldest host. 


in these hosts by cell suspensions of the pigeon 
tumors. 


1. 


2. 


4. 


5. 


6. 


8. 


9. 


10. 
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Fic. 1.—Breast tumor in pigeon obtained by cell suspension 
of variant 14 (d) 7 of the Rous chicken sarcoma. Necrotic area 
surrounded by giant cells. Recent hemorrhage on the lower left- 
hand side (*). Hematoxylin-eosin. X 120. 


_ Fie. 2.—Lung. Granuloma-like lesion in a metastasis from 
a tumor induced in the breast muscle of a pigeon by cell sus- 
pension of variant 14 (d) 7 of the Rous sarcoma. Hematoxylin- 
eosin. 450. 


Fic. 3.—Granuloma developed in the breast muscle of a 
pigeon injected with cell suspension of pigeon-grown duck 
tumor 14 (d) 7. Hematoxylin-eosin. «120. 


Fig. 4.—Liver of pigeon successfully injected in the breast 
muscles with cell suspension of duck variant 14 (d) 7 of the 
Rous sarcoma, showing probable metastases with an area of 
necrosis surrounded by giant cells. Hematoxylin-eosin. < 120. 
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The Effect of Pituitary Growth Hormone (Somatotrophin) on 
the Body Weight and Tumor Growth in C3H Mice Bear- 


ing a Iransplantable Mammary Adenocarcinoma’ 


Maurice C. Smitru, Paut A. SLATTERY, MiIcHAEL B. SuHimkin, Cuou Hao Li, 
RayMonp LEE, JoHN C. CLARKE, AND WILLIAM R. Lyons 


(Division of Anatomy and Department of Biochemistry, U niversity of California, Berkeley, Calif.; and the Laboratory of 
Experimental Oncology, National Cancer Institute, National Institutes of Health, Public Health Service, Federal 
Security Agency, and the University of California Medical Center, San Francisco, Calif.) 


The chronic administration of pituitary growth 
- hormone has previously been shown to increase the 
incidence of neoplastic growth in pulmonary and 
lymphatic tissues (3), in adrenal glands (4), and in 
| the reproductive organs (5). This paper deals with 
the effect of somatotrophin (pituitary growth hor- 
» mone) (2) on the rate of growth of a transplantable 
' mammary adenocarcinoma in C3H mice. 


ron) 


o—o Growth Hormone Male (20 animols) 

4—--4 Growth Hormone Female (21 animols) 

O--0 Control Male (2! animals) 

@---8 Control Female (i5 animals) 


Increment of Body Weight in Grams 


a“ 
0 ta Daily Dose 
k——— 0.6 mg. 1.2 2.4 mg. 
0 8 12 16 20 24 28 


Days Injected 


_ Cart 1.—Showing the effect of growth hormone on the 
_ body weights of C3H mice bearing a transplantable mammary 
_ adenocarcinoma. 


_ The data presented in this paper represent the 
_ combination of two series of experiments repeated 
_ under similar conditions. Each series was com- 
posed of approximately 40 mice distributed in four 
| groups: (a) males receiving somatotrophin; (0) fe- 
_ males receiving somatotrophin; (c) males receiving 
| saline; and (d) females receiving saline. 

The mice were shaved on the dorsum, and uni- 
, form fragments of tumor were implanted by trocar 
_ into the dorsal subcutaneous tissues. The donor in 


* Aided by grants in part from the U.S. Public Health 
| Service and the Lasker Foundation, New York. 
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both series was a C3H mouse bearing an emulsion- 
injected mammary adenocarcinoma. The day of 
implantation was designated as D-day. The mice 
were weighed on D + 1,D + 6,D + 14,D + 19, 
D + 24, and D + 27. Administration of somato- 
trophin! was begun on D + 1. Three subcutaneous 
injections were given daily, with the exception of 
Saturdays and Sundays in which case two injec- 
tions were given daily. The first dose of hormone 
was 0.6 mg/day/mouse. This level was increased 
periodically (as shown by Chart 1) until the level 
of 2.4 mg/day/mouse was reached. The mice were 
sacrificed on D + 27, and the tumors were excised 
and weighed. 
TABLE 1 
THE EFFECT OF PITUITARY SOMATOTROPHIN 

ON THE MEAN TUMOR WEIGHTS IN GRAMS 

OF C3H MICE BEARING A TRANSPLANT- 

ABLE MAMMARY ADENOCARCINOMA 


No. of Tumor 
Group mice weight 
Control male 19 3.06+0.51* 
Control female 15 2.46+0.49 
Experimental male 18 5.75+1.07 
(<0.05)t 
Experimental female 19 4.99+0.90 
(<0.02) 


* Standard error of the mean. 


t The values in the parentheses are the P values of Fisher obtained when 
the experimental groups are compared with their respective controls. 


RESULTS 


Control mice injected with saline.—Since this ex- 
periment deals with the tumor growth rate, all 
animals in which the transplant did not grow were 
discarded from the data. In one out of 21 control 
males, and in 2 out of 19 control females, the trans- 
plant failed to grow. The average tumor weight 
was 3.06 gm. + 0.51 gm. in the control male group 

1 Female rats hypophysectomized at 27 days of age and 
14 days later injected daily for 10 days with a dose of 0.01 mg. 


of this hormone preparation showed an average body weight 
increase of 10 gm. 
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and 2.46 gm. + 0.49 gm. in the control female 
group (Table 1). 

In the course of the 27-day experiment the male 
controls gained 5.8 gm., while the female controls 
gained 4.6 gm. (see Table 2). The regrowth of hair 
from the shaved areas occurred at a slow rate in 
the controls of both sexes. Most of the controls 
presented the usual cachectic appearance near the 
termination of the experiment. Two of the females 
and one male in the control groups died on 
D + 26. 

Experimental mice injected with somatotrophin.— 
Tumor transplants failed to grow in three of the 
females and two of the males injected with somato- 
trophin. 

The average tumor weight was 4.99 gm. + 0.90 
gm. for the females and 5.75 gm. + 1.07 gm. for 
the males (see Table 1). The increase of tumor 
weight in the hormone-treated mice is quite strik- 
ing when compared to that of their respective con- 
trols (Chart 2). The increase in weight of the tu- 


mors was significant at the 5 per cent level for the 
males and at the 2 per cent level for the females. 

The effect of somatotrophin on the body weight 
of the mice was marked. The males gained 15.3 
gm., and the females gained 12.5 gm. When one 
subtracts the gain of weight of the respective con- 
trols from that of the experimental groups, it js 
seen that somatotrophin was responsible for 
9.5-gm. increase in the males and a 7.9-gm. in. 
crease in the females (Table 2 and Chart 1), 
Hence, it is obvious from these results that soma- 
totrophin induced a body weight increase aside 
from and in spite of the rapid tumor weight in- 
crease. No significant positive correlation between 
the tumor weights and corrected body weights 
(Chart 3) could be demonstrated. 

Growth of hair occurred at a much faster rate in 
the hormone-injected animals than in the controls, 
and after 27 days the experimental groups had 
nearly complete hair regrowth over the shaved 
areas, whereas the controls were still nearly barren 


TABLE 2 


THE EFFECT OF PITUITARY SOMATOTROPHIN ON THE BODY WEIGHT IN GRAMS OF 
C3H MICE BEARING A TRANSPLANTABLE MAMMARY ADENOCARCINOMA 


No. Weight 
of on D+1 
Group mice (gm.) 
Control male 21 22.6+0.73* 
Control female 15 22.1+0.75 
Experimental male 20 23 .2+0.92 
Experimental female 21 23.7+0.91 


* Standard error of the mean. 


Difference 
between 
Difference D+1 and 
between D+27 minus 
Weight D-+1 and the tumor 
on D+27 D+27 weight 
(gm.) (gm.) (gm.) 
28 .4+0.88 + 5.8 + 3.2 
26.7+0.82 + 4.6 + 2.0 
38.5+1.30 +15.3 +10.0 
(<0.001)T (<0.001) 
36.2+1.23 +12.5 7.2 
(<0.001) (<0.01) 


t The values in parentheses are P values of Fisher obtained when the experimental groups are compared with their 


respective controls. 


Growth 
Hormone 


Control 


Tumor Weight in Grams 
W 


Cuart 2.—Showing the effect of growth hormone on the 
growth of a mammary adenocarcinoma in C3H mice. 
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Body Weight in Grams Without Tumor 


Cuart 3.—The relation of tumor weight to body weight 
without the tumor in C3H mice bearing a transplantable 
mammary adenocarcinoma, injected with pituitary growth 
hormone. 
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in the areas which had been previously shaved. 

Of great interest was the observation that the 
experimental group with the large tumors ap- 
peared in better health than the controls; and in 
none of them were signs of severe cachexia ob- 
served. One male in the hormone-treated groups 
with a tumor weighing 17.28 gm. appeared to be in 
good health on D + 27. The better appearance of 
the mice in the somatotrophin groups was unques- 
tionably due in part to the better condition of their 
pelage. 

DISCUSSION 


Bischoff and Maxwell (1) reported an increased 
rate of growth of Carcinoma 256 in rats and a 


TABLE 3 


THE EFFECT OF SOMATOTROPHIN ON THE RELA- 
TIVE GROWTH OF A MAMMARY ADE- 
NOCARCINOMA IN C3H MICE 


Tumor 
Tumor weight as a 
weight per cent of the 
as a per cent body 
of the weight 
total minus 
body tumor 
Group weight weight 
Control male 10.4+1.55* 12.7+2.3 
Control female 9.3+2.02 11.0+2.7 
Experimental male 13.9+1.94 17.5+3.2 
(C.R.=1.21)¢ (C.R.=1.5) 
Experimental female 13.1+2.10 16.2+3.0 
(C.R.=1.31) (C.R.=1.3) 


* Standard error of the mean. 


t C.R.=critical ratio obtained when the experimental groups are com- 
pared with their respective controls, 


small increased rate of growth of Sarcoma 180 in 
mice following administration of crude growth- 
promoting extracts of the pituitary. Sugiura and 
Benedict (7) also reported that extracts of the an- 
terior pituitary hada stimulating effect on the 
growth of neoplasms in mice. However, Schulman 
and Greenberg (6), working with transplanted 
mammary adenocarcinoma in strain A mice, found 
that a commercial growth hormone preparation 
had no appreciable effect on tumor growth. It may 
have been, however, that in the latter case the hor- 
mone was not effective throughout the experi- 
ment, since all animals suffered a weight loss after 
the first week of therapy. 


In this experiment the weight increase of the 
somatotrophin-injected group over the increase of 
the controls was significant at the 1 per cent level 
in both sexes (‘Table 2 and Chart 1), and, hence, 
the hormone was effective. The increased tumor 
weight when compared to that of the respective con- 
trols was significant at the 5 per cent level for the 
males and at the 2 per cent level for the females. 

When the tumor weights of the various groups 
are expressed as a percentage of the body weights 
(with or without the tumor), and the means of 
these percentages compared, no statistically sig- 
nificant increase in the tumor weights of the exper- 
imental groups was observed (Table 3). However, 
this might be expected in view of the fact that the 
hormone increases both the body and tumor 
weight. 


CONCLUSIONS 


1. The administration of pituitary growth hor- 
mone (somatotrophin) to C3H mice bearing a 
transplantable mammary adenocarcinoma re- 
sulted in a significant increase in body weight of 
both males and females as compared to the in- 
crease of body weight in the controls. 

2. In both sexes the tumor weight at the end of 
27 days of administration of pituitary somato- 
trophin was significantly greater than that in the 
control mice. 
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Relation of Uptake of Radiophosphorus into Nucleic Acids 
to Age of Developing Chick Embryos” 


KincsLey M. STEvENstT 


(Department of Internal Medicine of the Bowman Gray School of Medicine, Wake Forest College, 
Winston-Salem, North Carolina) 


While much work has been done on the turn- 
over rates of nucleic acids in young and adult ani- 
mals, especially the rat (5), little is to be found on 
their turnover in embryonic tissue. Since the rela- 
tive rate of growth of tissue is much greater during 
embryonic development than during adult life, it 
was felt that a study of the changes in turnover 
rates of desoxyribonucleic acid (DNA) and pen- 
tosenucleic acid (PNA) in relation to age would be 
of interest. When mature animals are used, sepa- 
rate organ analyses can be made, but such analyses 
are not generally feasible on embryonic material. 
With the use of radiophosphorus,! we have dem- 
onstrated high turnover rates with large dif- 
ferences in these rates at different ages. 


MATERIALS AND METHODS 


Fertile chicken eggs were incubated for from 9 
to 16 days at 38° C. In each experiment from four 
to eleven eggs were used, the larger number being 
used for the younger embryos. Five-tenths ml. of 
a solution containing 5 uc. of carrier-free 
NaeHPO,, 25 units of penicillin, and 250 yg. of 
streptomycin was injected into the yolk sac of 
each egg. After 6 hours’ further incubation at 38°, 
the embryos were dissected free, observed for 
viability, pooled, weighed, and blended. The nucleic 
acids were then extracted by the method of Ham- 
marsten (4), with the modification that the PNA 
was precipitated by the neutralization of the acid 
lanthanum after the DNA was removed. Although 
a great deal of PNA is lost by this technic, the 
loss does not alter the specific activity. Phosphorus 
determinations on aliquots of the DNA and PNA 


* Supported, in part, by a contract between the Atomic 
Energy Commission and the Bowman-Gray School of medicine. 

+ Atomic Energy Commission postdoctoral fellow in the 
Medical Sciences, 1948-50. Present address: Surgical Re- 
search Unit, Brooke Army Hospital, Fort Sam Houston, 
Texas. 

1Jt has been demonstrated that inorganic P®- and C14-la- 
beled purines give similar nucleic acid turnover rates (1). 
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were made by the method of Allen (2) and DNA 
determinations by the method of Stumpf (9). 
When a value of DNA phosphorus of 9.1 per cent 
was assumed, the DNA values as determined by 
the two methods checked within 10 per cent. DNA 
analyses were made on the PNA to detect possible 
contamination. Only one experiment showed con- 
tamination of over 6 per cent for which appropriate 
corrections were made. Counts were made on the 
entire dried sample brought to constant mass with 
sodium chloride. Over 10,000 counts in duplicate 
were taken in all cases. 

Since the administered NasHP**O, equilibrated 
with the total inorganic P of the egg, it was neces- 
sary to multiply the “‘raw”’ specific activity values 
by the quantity of inorganic P per egg. These data 
for eggs of varying ages were secured from Kugler 
(6). The term “relative specific activity” as used 
here refers to the product of counts/minute /milli- 
gram nucleic acid P X the milligrams of inorganic 
P per egg. Since the same quantity of P®? was in- 
jected in all experiments, this term is proportional, 
though not equal, to the more conventional defini- 
tion of “relative specific activity.” 


RESULTS 


The results are shown in Chart 1. 

The “relative specific activities” of both PNA 
and DNA are seen to rise rapidly from the ninth 
day, reach a peak on the thirteenth day, and then 
drop precipitously. The DNA remains low through 
the sixteenth day, while the PNA begins to rise 
moderately. The ratio of PNA/DNA “relative 
specific activities” remains essentially constant 
until the fourteenth day, and then rises. 


DISCUSSION 
Novikoff and Potter (8) studied the changes in 
PNA and DNA concentrations in the develop- 
ing chick embryo. Their data are shown in Chart 2, 
along with data from Needham (7), showing 
changes in protein concentrations. 
In our study only 9—16-day embryos were in- 
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vestigated. Younger embryos required a larger 
number of eggs than were available, while older 
ones could not be extracted satisfactorily by this 
technic. 

The similarity of the position of the peaks in 
Charts 1 and 2 is apparent. Chart 2 represents 
concentrations of these substances, while Chart 1 


a 3 

it 

2b | : 

PNA/ONA 
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Relotive Specific Activity x 1075 


Days of Incubation 
Cuart 1.—Changes in PNA and DNA relative specific ac- 
tivities (counts/min/mg nucleic acid PX mg inorganic P/egg) 
with increasing age. No values were obtained for the tenth day. 
Days 9 through 13 represent single experiments. Day 14, 
three experiments, standard deviation PNA, 24,300; DNA, 
18,000. Day 15, four experiments, s.d. PNA, 19,600; DNA, 


11,200. Day 16, two experiments, s.d. PNA, 1230; DNA, 
1520. 


presents the pattern of change in turnover rates. 
Hence, not only do the concentrations but also the 
turnover rates increase greatly about the thir- 
teenth day. Since it is difficult to determine accu- 
rately just how long an egg has been incubating, 
the difference of 1 day in the peak is probably not 
significant. If both the turnover rates and the 
amounts of nucleic acids are important factors in 
the rate of protein synthesis, then around the 
thirteenth or fourteenth day the product of the 
two is at a level several times higher than at earlier 
or later periods between 9 and 16 days. 

A rough estimation of the absolute turnover 
rates can be calculated.? For the peak value of the 


2 Method of calculation: 5 ue. P*? injected which produce 
11 X 106 disintegrations per minute. The counter efficiency for 
P22 was 9.9 per cent. Hence, 5 ue. would produce 10.9X 105 
counts per minute. There are 17.2 mg. of inorganic P in a 
13-day egg. This will give a specific activity of 6.3 X 104 counts/ 
min/mg P. The PNA-P specific activity was 23.6 X 10’ counts/ 
min/mg PNA-P. Hence, the turnover rate would be 37 per 
cent for 6 hours, or 148 per cent per day. 


thirteenth day, a rate of 148 per cent per 24 hours 
is found for PNA and 116 per cent for DNA. This 
contrasts strongly with the rate for adult animals, 
since the highest nucleic acid turnover rates in 
rabbits, found in bone marrow, were only 13 per 
cent for PNA and 4 per cent for DNA per day.? 
Even the lowest rates in the embryo, found on the 
fourteenth day, are 28 per cent and 20 per cent per 
day for PNA and DNA, respectively. 

After the thirteenth day the DNA activity 
drops and then remains constant, while the PNA 
activity drops but quickly begins rising. This may 
reflect a continued high rate of cytoplasmic pro- 
tein synthesis in contrast to a relative decrease in 
cell division. 

Since these studies were made on whole em- 
bryos, the particular organs responsible for the 
increase remain unknown. Davidson and Leslie 
(3) could demonstrate no marked increase in the 
amounts of nucleic acids in the heart or liver of 
chick embryos in the twelfth- to sixteenth-day 
period. However, in adult animals, the nucleic acid 
turnover rates are much higher in lymphoid tissue, 
spleen, bone marrow, and intestinal mucosa (5).° 
Study of these tissues in embryos would be prefer- 
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DAYS OF INCUBATION 

Cuart 2.—Changes in PNA and DNA concentrations with 
age, from Novikoff and Potter (8). Top curve: changes in 
— concentration, from data of Needham (7). Dry weight 

asis. 
able if sufficient quantities of tissues could be 
secured. 

It is clear that, about the thirteenth or four- 
teenth day, the chick embryo undergoes drastic 
changes in its nucleic acid metabolism. Further 
study of this period may reveal important informa- 
tion concerning normal growth. 


3K. M. Stevens, unpublished data. 
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SUMMARY 

1. The uptake of radiophosphorus into desoxy- 
ribonucleic acid (DNA) and pentosenucleic acid 
(PNA) in 9-16-day chick embryos has been de- 
termined. 

2. The “relative specific activities’ of both 
DNA and PNA rise rapidly to a peak on the thir- 
teenth day, then fall abruptly to about 20 per cent 
of this peak value. The DNA activity then con- 
tinues constant, while the PNA begins to rise 
again. 

3. The turnover rates of both nucleic acids, but 
especially DNA, appear to be much higher in em- 
bryos than in adult tissues. 
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Effect of Neoplastic Tissue on the Turnover 
of Liver Nucleic Acids” 


Anita H. Payne, Lota S. KELLY, AND Marcaret R. WuiteE 


(Donner Laboratory of Medical Physics, University of California, Berkeley, Calif.) 


In two earlier papers (5, 7), the authors re- 
ported an increased rate of incorporation of P® 
into the desoxyribonucleic acid (DNA) of livers 
and spleens in mice and rats bearing transplanted 
tumors and in pregnant mice and rats. The present 
paper deals with an extension of this work to some 
other tumors and with measurements of the rate of 
P®? incorporation into the nuclear and cytoplasmic 
pentosenucleic acid (PNA) of these tissues. 

According to current theories, PNA is inti- 
mately connected with protein synthesis and so 
might show a higher turnover in animals under- 
going rapid tissue growth. If this were the case and 
if PNA and DNA had a common precursor, then 
DNA might show a higher specific activity not due 
to a change in its turnover but due only to the in- 
creased specific activity of its precursor. The pres- 
ent experiment was an attempt to test this possi- 
bility. 


METHODS 


All mice were fasted for 24 hours prior to the 
experiment. They received intraperitoneal injec- 
tions of P*-labeled sodium phosphate in isotonic 
saline at pH 7 about 9 a.m. and were killed with 
ether exactly 4 hours later. The livers were re- 
moved, and the isolation of the nucleic acids was 
begun as soon as possible. In order to obtain 
enough material, the livers from eight or more 
mice were pooled. 

Each animal received approximately 30 ue. of 
P?_labeled sodium phosphate. The procedure used 
for the nucleic acid isolations was an adaptation of 
several published methods and will be given in 
detail. In view of previous experience with active 
contaminants, it was felt that it was important to 
have the final nucleic acids in such a form that 
they could be easily reprecipitated to constant 
specific activity. | 

The method of Barnum et al. (2) was followed 
for the separation of the nuclei from the cytoplasm 


* Partially supported by the United States Atomic Energy 
Commission. 
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and the subsequent purification of the nuclei and 
separation of nuclear pentosenucleoprotein (PNA- 
protein) from desoxypentosenucleoprotein (DNA- 
protein). 

After being cooled the livers were forced 
through a tissue press with holes about 1 mm. in 
diameter and were homogenized 2-3 minutes in 4 
volumes of ice-cold saline (0.85 per cent NaC] con- 
taining 2 ml. 0.1 n NaOH per liter). Homogeniza- 
tion was carried out in a Potter-Elvehjem tube. 
The homogenate was centrifuged 4 minutes at 
1,400 X gina No. 1 International centrifuge oper- 
ated in a cold room. The resultant supernatant 
fluid was siphoned off and stored in the refrigera- 
tor until the following day for the isolation of the 
cytoplasmic PNA. The nuclear sediment was sus- 
pended in 2 per cent cold citric acid and centri- 
fuged for 10 minutes in a clinical centrifuge at 
500 X g. The sediment was resuspended and cen- 
trifuged 14 times at the same speed, after which 
treatment the supernatant fluid was perfectly 
clear. The centrifugations were carried out as fol- 
lows: once for 10 min., twice for 5 min., 5 times for 
3 min., and 6 times for 1 min. The isolated nuclei 
were washed twice with saline to remove citric 
acid and then were extracted in 95 per cent 
methy] alcohol, followed by three extractions with 
boiling alcohol-ether (3:1), and a final alcohol ex- 
traction. The lipid-free nuclei were then suspended 
in an ice-cold buffer at pH 10 prepared by mixing 
equal volumes of 0.1 m Na.CQO;3 and 0.1 
NaHCQ;. The suspensions were kept in an ice- 
water bath for 30 minutes and then were cen- 
trifuged in a clinical centrifuge for 3 minutes. The 
sediments containing the DNA-protein were 
washed twice with the cold buffer solution. The 
supernatant and washes containing the PNA- 
protein were combined and made 5 per cent to 
trichloroacetic acid (TCA) and centrifuged in a 
No. 1 International centrifuge. 

The precipitate which represents the nuclear 
PNA-protein and any possible residual DN A-pro- 
tein was washed once in 5 per cent TCA. In order 
to obtain the nucleic acid in a reprecipitable form, 
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the method from this point on differs from the 
method of Barnum et al. To remove the residual 
DNA-protein from the PNA-protein, the nucleo- 
protein precipitate was suspended in 0.14 m NaCl 
and brought to pH 7. DNA-protein is insoluble in 
this concentration of NaCl and could be removed 
by centrifugation. The PNA-protein contained in 
the supernatant fluid was precipitated out by 
bringing the pH of the solution down to ~3 with 
glacial acetic acid and separated by centrifugation. 
The PNA-protein was then suspended in ice-cold 
5 per cent NaOH and kept at 0° + 2° for 2 hours 
(4). This split the protein from the nucleic acid. 
Essentially no decomposition of nucleic acid oc- 
curs at this temperature. The protein was precipi- 
tated out by adding glacial acetic acid until the 


of the color developed per microgram of phos- 
phorus in the nucleic acids isolated by the above 
method agreed well with that of the commercial 
preparations. The diphenylamine reagent and the 
orcinol reagent were prepared according to the di- 
rections given by Barnum et al. (2). The density 
was determined with a Beckman DU spectro- 
photometer. There was essentially no contamina- 
tion of cytoplasmic PNA or nuclear PNA with 
DNA as determined by the Feulgen reaction and 
by the diphenylamine reagent. 

The specific activity of the purified nucleic acid 
was determined in the following manner. One 
aliquot of the sodium nucleate solution was used 
for the determination of the phosphate concen- 
tration by the method of Fiske and SubbaRow (3). 


TABLE 1 
ANALYTICAL COMPARISON OF DIFFERENT PREPARATIONS OF NUCLEIC ACIDS 


Cytoplasmic Nuclear Commercial* Commercial* 
PNA PNA PNA DNA DNA 
E (diphenylamine reaction) f 0.018 +0.007 0.0194 +0.006 
E (orcinol reaction) f 0.123 +0.018 0.113 +0.013 0.111 +0.011 
; 1.68 1.80 1.88 1.90 1.84§ 
Feulgen test 0 0 0 aa + 


* This material was obtained from the Nutritional Biochemical Corporation, Cleveland, Ohio. 


t Optical density at 600 my wave length, calculated per ug, P in sample. 
t Optical density at 660 my wave length, calculated per yg. P in sample. 
§ The Nutritional Biochemical Corporation’s N:P ratio is given as 1.71. 


solution was just acid to litmus (pH was ~6.5). 
The solution was centrifuged and the supernatant 
fluid filtered through tissue paper. The PNA re- 
mained in the supernatant fluid and was precipi- 
tated by bringing the solution to pH 2 by the ad- 
dition of HC] and then adding an equal volume of 
95 per cent methyl alcohol and centrifuging. This 
precipitate was dissolved in 0.05 m NaHCQs. Sev- 
eral reprecipitations could be carried out at this 
point until the nucleic acid maintained a constant 
specific activity. It was found that the specific 
activity did not change significantly after repre- 
cipitation. 

The DNA was obtained from the gelatinous sed- 
iment that remained after the pH 10 extraction by 
following a modified Beck and Klein method pre- 
viously published (6). 

The cytoplasmic PNA was precipitated from 
the cytoplasmic extract which had been obtained 
earlier. TCA was added to a concentration of 5 
per cent, the extract was centrifuged, and the 
supernatant fluid containing the acid soluble 
phosphorus was decanted. The sediment was 
washed once with 5 per cent TCA and then sus- 
pended in cold 5 per cent NaOH. The procedure 
from here on was the same as for the nuclear PNA. 

As is shown in Table 1, with the use of either the 
orcinol or the diphenylamine reagent, the density 


A second aliquot was used for counting the P® 
with a Victoreen geiger tube. 


RESULTS AND DISCUSSION 


The results of our measurements are given in 
Tables 2-4. Each value represents the specific ac- 
tivity of the nucleic acid obtained from the pooled 
livers of at least eight animals. In the cytoplasmic 
PNA determinations enough material was avail- 
able so that each sample was divided into two at 
the beginning of the isolation procedures, and the 
two separate determinations were averaged to 
give the values in the table. The duplicates agreed 
to better than 10 per cent. 

As can be seen from the tables, the increased 
specific activity of liver DNA, observed earlier in 
female A strain mice, occurs also in male A strain 
mice bearing the transplanted mammary carcino- 
ma, in female A strain mice bearing transplanted 
sarcoma A274, and in female C57 strain mice bear- 
ing a transplanted mammary carcinoma. 

Contrary to our expectations, there was no sig- 
nificant difference in the rate of incorporation of 
P?? in the cytoplasmic PNA of the livers of tumor- 
bearing mice. However, the individual variations 
are rather large, so that a small effect would not 
necessarily be noticed. Furthermore, our cyto- 
plasmic PNA is obtained from a mixture of the 
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various cytoplasmic fractions, and there might be 
a considerable change in one of these fractions with- 
out its being evident in our values. 

The nuclear PNA specific activities of the tu- 
mor group show a statistically significant decrease 
from those of the control group (Table 2). How- 
ever, it is felt that these measurements are to be 
viewed with caution. The ratio between the nu- 


clear and cytoplasmic PNA specific activities is 
much lower than that obtained by Barnum and 
Huseby (1), indicating that our nuclear PNA may 
still be contaminated, possibly with cytoplasmic 
PNA. 

It is clear from these experiments, however, 
that there is no drastic change in the PNA metabo- 
lism of the livers of tumor-bearing hosts. The in- 


TABLE 2 


SPECIFIC ACTIVITIES X 104 OF LIVER NUCLEIC ACIDS IN co’ A STRAIN 
MICE BEARING MAMMARY CARCINOMAS 


DNA* CytopLtasmic PNA NucitearR PNA 
WEIGHT AND AGE OF TUMORS Tumor Control Tumor Control Tumor Control 
0.17 gm. 1.72 1.09 17.6 11.2 55.3 53.8 
7.5 days 1.96 1.87 16.8 11.9 62.6 63.8 
1.44 0.69 16.0 12.4 53 .0 66.8 
1.73 1.06 14.1 10.8 
2.02 11.9 
1.68 11.4 
1.41 
1.0 gm. 3.75 1.25 12.5 7.2 39.7 45 .4 
10 days 4.91 0.71 11.6 9.3 45.2 49.3 
5.45 11.6 58.2 
2.0 gm. 2.22 0.53 13.6 11.5 43.1 55.3 
15 days 1.89 0.75 12.0 12.1 35.7 48.5 
2.24 4.2 13.5 41.9 
5.08 8.2 36 .6 
11.8 48.5 
2.4 gm. 1.55 0.93 7.3 9.1 37.8 51.5 
18 days 1.70 7.4 34.7 
Av. 2.55+0.37 0.97+0.11 11.7+1.0 10.9+0.7 45.6+2.7 55.34+2.9 
Probability of significance (P) 0.002 0.27 0.013 


* The values given represent the number of P22 counts per milligram of phosphorus divided by the number of counts injected, normalized for the weight 


of the mice. Errors are expressed as standard deviations of the mean. Significant differences are italicized. 


TABLE 3 


SPECIFIC ACTIVITIES X 104 OF LIVER NUCLEIC ACIDS IN 2 C57 MICE 
BEARING MAMMARY CARCINOMAS 


DNA CytopLasmic PNA NucLeaR PNA 
WEIGHT AND AGE OF TUMORS Tumor Control Tumor Control Tumor Control 
2.4 gm. 3.65 0.56 9.2 7.8 60.0 
11 days 4.09 0.63 9.9 7.7 45 .0 
3.21 7.8 
5.2 gm. 13.0 0.27 13.2 10.6 79.0 50.0 
14 days 10.05 0.44 9.3 10.2 
Av. 6.8+2.0: 0.48+0.08 9.9+1.0 9.1+0.8 
Probability of significance (P) 0.028 
TABLE 4 
SPECIFIC ACTIVITIES X 104 OF LIVER NUCLEIC ACIDS IN 9 A STRAIN 
MICE BEARING SARCOMA A274 
DNA Cytoptasmic PNA Nucitear PNA 
WEIGHT AND AGE OF TUMORS Tumor Control Tumor Control Tumor Control 
0.55 gm. 2.39 0.75 12.0 10.6 56.5 47.0 
7 days 2.63 0.88 12.8 11.4 
3.00 13.1 
2.0 gm. 2.28 0.55 12.1 12.1 
12 days 2.28 0.76 13.6 14.1 
2.05 20.9 
Av. 2.44+0.14 0.74+0.09 14.1+1.5 12.1+0.8 
Probability of significance (P) 0.001 0.14 
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crease in the DNA specific activity is apparently 
due to a true change in its turnover rate and not to 
a secondary effect associated with PNA turnover 
or a change in over-all phosphate metabolism. 

In a series of 48 female A strain mice bearing 
transplants of mammary carcinoma (1.3 gm. per 
mouse), the average liver weight was found to be 
7.57 per cent + 0.18 per cent of the body weight. 
In eighteen control animals the average liver 
weight was 6.19 per cent + 0.17 per cent of the 
body weight. This indicates a 20 per cent greater 
liver weight in tumor-bearing animals. Recently, 
Reddy and Cerecedo (9) reported an increased 
content of both DNA and PNA in the livers of 
mice bearing Crocker sarcoma 180 transplants. 
Kosterlitz and Campbell (8) found an increase in 
the DNA content of livers of pregnant rats. These 
observations suggest that in the livers of tumor- 
bearing mice the increased DNA turnover is an 
indication of increased cell proliferation. 


SUMMARY 


The rate of incorporation of P®? into DNA, nu- 
clear PNA, and cytoplasmic PNA of liver tissue 
was measured in male A strain mice bearing trans- 
planted mammary carcinoma, in female A strain 
mice bearing transplanted sarcoma A274, and in 
female C57 strain mice bearing a transplanted 
mammary carcinoma. An increase of P*? incorpo- 
ration into the liver DNA was noted in all three 
groups of tumor-bearing mice when compared to 
the controls. A decrease in P® incorporation into 
nuclear PNA was observed in the male A strain 
mice bearing mammary carcinoma. No significant 


difference in the rate of incorporation of P*? into 
the cytoplasmic PNA was observed in the tumor- 
bearing mice. 
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Macromolecular Particles Obtained from Human 
Neoplastic and Non-neoplastic Lymph Nodes 


II. Electron Microscope Study” 


MiriaM S. Hoster, QUENTIN VAN WINKLE, JAcoB G. RaBATIN, 
AND HERMAN A. HostTertT 


(Departments of Medicine and Chemistry, The Ohio State University, Columbus 10, Ohio) 


INTRODUCTION 


The present investigation concerns the electron 
microscope study and the statistical evaluation of 
histograms of particles, 10-350 my, obtained from 
Hodgkin’s disease, leukemia, lymphosarcoma, re- 
ticulum-cell sarcoma, carcinoma, and miscellane- 
ous non-neoplastic lymph node cells. The investi- 
gation is a continuation of a comparative study 
which includes electrophoretic, electron micros- 
copy, optical ultracentrifugation, and chemical 
studies of the isolated neoplastic and non-neo- 
plastic cellular components. 

Histograms have been used by Evans and Mel- 
nick (2) in estimating the average size distribution 
of particles obtained from chicken pox and herpes 
simplex materials, which were photographed in the 
electron microscope, and by Porter and Thomp- 
son (5) in estimating the size range of the virus- 
like bodies found in mammary carcinoma cells. 

The use of differential centrifugation for the 
segregation of particulate components from 
broken cell suspensions of many tissues has been 
investigated extensively during the past few years. 
Employing this technic, it has been possible to 
study the physical and chemical nature of the 
isolated cellular particles in a relatively pure state. 
In a recent review of the literature, Schneider and 
Hogeboom (6) have discussed the results of many 
of these studies. 

One important factor in the segregation of 
macromolecular particles from cellular homoge- 
nates is the prevention of particle agglutination 
during isolation and purification in a liquid me- 
dium. Hogeboom, Schneider, and Pallade (3) have 


* This investigation was supported by research grants from 
the National Cancer Institute of the National Institutes of 
Health, United States Public Health Service, and the Ohio 
Department of Health. 
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developed a method for preventing the agglutina- 
tion of cell particles from rat and mouse liver dur- 
ing isolation by employing sucrose (0.25 m and 
0.88 mM) as the tissue-suspending medium. Hoster 
et al. (4) have employed a ten-step centrifugation 
procedure for the isolation of dispersed particulate 
components from human lymph node cells in 
which the suspending medium consists of an iso- 
tonic phosphate buffer containing the anticoagu- 
lant, heparin; this procedure was used in the pres- 
ent investigation. 


MATERIALS AND METHODS 


Human lymph nodes obtained at surgery were 
frozen rapidly to a temperature of —65° C. in a 
mixture of alcohol and dry ice; the tissues were 
kept at this temperature until used. A total of 
eighteen Hodgkin’s disease, eight lymphomas 
other than Hodgkin’s, two carcinomas, and thir- 
teen non-neoplastic lymph node preparations was 
used in the present study. 

The method of tissue suspension and the cen- 
trifugation procedure (Method V) published pre- 
viously (4) were followed, with the exception that 
the tissue suspensions were prepared by grinding 
in the Waring Blendor for 30-60 seconds, and a 
vacuum refrigerated Spinco preparative centri- 
fuge, Model L, with a No. 40 Rotor was used in 
the centrifugation steps requiring gravities of 
6,000 and 25,000. The tissue-suspending medium 
consisted of 0.1 mM phosphate buffer, pH 8.0, con- 
taining 0.03 per cent heparin.’ Tissue grinding, 
extraction, and centrifugation were conducted 
in a cold room at 4° C. 

Samples to be studied in the electron micro- 
scope were prepared routinely as follows: One 
drop of a suspension of the high gravity (25,000 g) 
sediment was allowed to remain for 5 minutes in 


1 The sodium heparin used in this experiment was supplied 
through the courtesy of the Upjohn Company, Kalamazoo, 
Mich. 
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contact with formvar(0.4 per cent)-coated elec- 
tron microscope screens, and the remaining fluid 
was removed by suction. After the screens were 
dried over phosphorus pentoxide for 24 hours, 
they were left in contact with the vapors of 2 per 
cent osmic acid for 2 hours. The screens were 
washed with filtered distilled water several times 
and redried for at least 24 hours before examina- 
tion in the electron microscope. Visual examina- 
tion of samples was made in the R.C.A. type 
E.M.U. electron microscope, and photographs 
were taken at magnifications of 5,000 and 10,000. 

For the construction of histograms, the elec- 
tron microscope photographic negatives were pro- 
jected at a magnification of 50,000 and 100,- 
000X, and the diameters of approximately 1,000 
particles, representing approximately 15 electron 
microscope screen areas per sample, were meas- 
ured. 

EXPERIMENTAL PROCEDURES 
AND RESULTS 


Comparison of histograms.—Electron micro- 
graphs of the particles obtained in the high gravity 
(25,000 g) sediments from neoplastic and non- 
neoplastic lymph nodes are shown in Figures 1 
and 2. Histograms (Chart 1) of particles photo- 
graphed in the electron microscope were con- 
structed by plotting, as the ordinate, the percent- 
age of particles in each size range and, as the 
abscissa, the size range of particles in millimi- 
crons (10-350 mu). The most striking charac- 
teristic of the four general groups (Hodgkin’s dis- 
ease, other lymphoblastomas, carcinomas, and 
non-neoplastic diseases) of lymph nodes studied 
is the percentage of particles smaller than 60 mu. 
In the Hodgkin's disease group, in five of seven 
histograms of particles whose diameters were 
measured at 100,000, the maximum concen- 
tration of particles was found in the 10-20 mu 
size range. It should be noted that, although par- 
ticles smaller than 10 my exist in all samples 
studied, the diameters of particles smaller than 
10 mz could not be measured accurately at a mag- 
nification of 100,000; therefore, these measure- 
ments are not included in the histograms. In the 
samples projected at a magnification of 50,000, 
the smallest particle which could be measured ac- 
curately was 20 mu. In the group of lymphoblasto- 
mas other than Hodgkin’s disease, the greatest 
concentration of particles was also in the 10-20 mu 
size range. The maximum concentration of par- 
ticles in the two cases of carcinoma was in the 
20-30 muy size range; and in the non-neoplastic 
preparations as a group, there was no predominant 
size range. 

The reproducibility of results, based on the 


technic described, was determined. In thirteen 
experiments, two samples of the same lymph node 
were centrifuged on separate occasions; the par. 
ticles in the high gravity sediments were meas- 
ured, and histograms were constructed. Chart 2 
contains examples of histograms of duplicate 
lymph node preparations. In the first instance, ap- 
proximately 1,000 particles were measured in each 
preparation; and, in the second instance, approxi- 
mately 1,000 particles were measured in the first 
preparation and approximately 200 were measured 
in the second preparation. It was found from this 
study that, when a sufficient number of particles 
is measured, the histograms are reproducible. 
When, however, an insufficient number is meas- 
ured, duplicate histograms do not resemble each 
other. 

Statistical evaluation of histograms.—In the case 
of each histogram, the mean particle size, standard 
deviation, and percentage of particles from 10- 
60 my were determined. From these data the aver- 
age of each of these values was computed for each 
disease group (Table 1). The data obtained from 
the results at magnifications of 50,000 and 
100,000 were computed separately. It was 
found, when the results of the particles measured 
at 100,000 were analyzed, that the mean par- 
ticle size of the lymphoma group other than Hodg- 
kin’s disease was smaller (27 my) than that of the 
Hodgkin’s disease group (42 mu). The mean par- 
ticle sizes of the carcinoma and non-neoplastic 
groups were identical—59 my. When the results 
for the particles measured at 50,000 were ana- 
lyzed, it was found that the mean particle size 
of the Hodgkin’s disease group was 45 mu and 
that of the non-neoplastic preparations was 77 mu. 

The average standard deviation in Hodgkin’s 
disease, carcinomas, and non-neoplastic prepara- 
tions were in close agreement, 40—46, while that 
of the lymphomas other than Hodgkin’s disease 
was 23. 

On investigation of the distribution of particle 
sizes from 10-60 muy, it was observed that the 
groupings of the particles in the Hodgkin’s disease 
preparations and in the other lymphomas re- 
sembled one another, while the groupings of the 
carcinoma preparations more closely resembled 
those of the non-neoplastic series. 

Histologic cell types in relation to histograms.—A 
comparison was made between the form of the 
histograms and the cytology of the lymph nodes. 
Differential cell counts including twenty oil im- 
mersion fields (950) at random locations 
throughout the lymph node sections were made. 
No correlation could be found between the his- 
tologic cell type and the percentage of particles 
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smaller than 60 my or the mean particle size 
(Table 2), since lymph nodes with similar cyto- 
logic pictures yielded submicroscopic particles the 
histograms of which were dissimilar and those 
with dissimilar cell types yielded submicroscopic 
particles the histograms of which were similar. 
Clinical status of Hodgkin’s cases in relation to 
histograms.—The case history of each Hodgkin’s 
patient at the time of biopsy was studied in order 
to determine whether the clinical history of the 
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CHART 2 


patient was related in any way to the form of the 
histogram. No correlation could be found between 
the mean particle size or the percentage of par- 
ticles smaller than 60 my and the duration of the 
disease at the time of biopsy, the interval between 
previous treatment and biopsy, the type of treat- 
ment prior to biopsy, and the rate of progress of 
the disease. 


DISCUSSION 


Although the smallest particle measured in the 
lymph node high gravity sediments was 10 my, it 
would be expected that smaller particles existed in 
all samples. In many cases, particles smaller than 
10 mu were seen on the photographic negatives at 
a magnification of 100,000; however, owing to 
the limit of resolution of the microscope and the 
poor electron absorption ability of these small par- 
ticles, accurate measurement of their sizes was 
impossible. Therefore, while the maximum con- 
centration of particles in the lymphoma lymph 


node cells appears to be in the 10-20 mu size 
range, it is possible that the highest concentration 
of particles in these cells may be smaller than 
10 mu. 

The statistical evaluation of the histograms in- 
dicates a smaller mean particle size in the lympho- 
ma lymph nodes than in the non-neoplastic lymph 
nodes. The reason for this difference has not been 
determined. The possibility that fragmented mi- 
tochondria contribute to the population of small 
particles cannot be overlooked. Dalton e¢ al (1) 
have reported that the mitochondria of mouse 
tumor cells are more fragile than those of normal 
hepatic cells. A method for the determination of 
the amount of mitochondria broken up during 
disruption of lymph node cells and subsequent 
centrifugation and for a physical comparison of 
these fragments with those obtained in the high 
gravity sediments is being investigated. 

Qualitatively, no relation could be found be- 
tween the type of lymph node cells and the form 
of the histogram. However, the cells of the neo- 
plastic lymph nodes are, in many cases, larger and 
contain a greater quantity of cytoplasm than those 
of the non-neoplastic nodes. These facts have been 
confirmed both histologically and grossly by the 
fact that a larger quantity of particulate material 
is recovered in the high gravity sediments of neo- 
plastic lymph nodes than is recovered in the high 
gravity sediments of non-neoplastic nodes. It may 
be possible that the increase in cytoplasmic ma- 
terial in the neoplastic cells contributes to the in- 
crease in particles 10-30 my in size. 

The question concerning the origin of the par- 
ticles obtained in the high gravity sediments has 
been answered partially in a previous publication 
(4). The absence of desoxyribosenucleic acid in the 
high gravity sediments and the presence of intact 
nuclei in the low gravity sediments suggest that 
the particles obtained in the 25,000 g sediments 
are essentially cytoplasmic in origin. 

The reproducibility of results employing the 
technics outlined for the construction of histo- 
grams has been shown to be satisfactory if a sufii- 
cient number of particles photographed in the 
electron microscope are measured. Under such 
conditions, histograms of two samples of the same 
lymph node centrifuged on separate occasions re- 
semble each other. However, if an insufficient 
number of particles is measured, histograms of 
duplicate lymph node samples do not resemble 
each other. 


SUMMARY 


The statistical evaluation of histograms con- 
structed from electron micrographs of particles 
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Mean 
particle 
Lymph node no. size 
and diagnosis (my) 
No. 10 Hodgkin’s disease 58 
9 Hodgkin’s disease 54 
5 Hodgkin’s disease 44 
8 Hodgkin’s disease 35 
3 Hodgkin’s disease 36 
6 Hodgkin’s disease 35 
4 Hodgkin’s disease 31 
Av. 42 
11 Reticulum-cell sarcoma 37 
12 Reticulum-cell sarcoma 24 
13 Lymphosarcoma 31 
14 Lymphatic leukemia 17 
Av. 27 
15 Metastatic medullary car- 70 
cinoma (breast) 
16 Metastatic medullary car- 49 
cinoma (breast) — 
Av. 59 
17 Lymphadenitis 51 
21 Reticulum-cell hyperplasia 50 
25 Inflammation 77 
Av. 59 
Reticulum 
cells (in- 
cluding 
Lymph Hodg- 
node 
no. Histologic diagnosis cells) cytes 
1 Hodgkin’s disease 25 72 
2 Hodgkin’s disease 17 74 
3 Hodgkin’s disease 13 79 
4 Hodgkin’s disease 40 42 
5 Hodgkin’s disease 70 30 
6  Hodgkin’s disease 63 3 
8 Hodgkin’s disease 23 73 
9 Hodgkin’s disease 26 62 
10 Hodgkin’s disease 73 18 
11 ~—Reticulum-cell sarcoma 38 62 
13. Lymphosarcoma 6 92 
14 Lymphatic leukemia 3 97 
15 Metastatic medullary carci- 
noma (breast) 
16 Metastatic medullary carci- 
noma (breast) 

17 Lymphadenitis 3 90 
19 Chroniclymphadenitis sug- 27 66 
gestive of infectious mono- | 

nucleosis 
Reticulum-cell hyperplasia 29 70 
22 Reticulum-cell hyperplasia 5 65 


MaaGniFIcaTIon: 100,000 


TABLE 1 


STATISTICAL EVALUATION OF HISTOGRAMS 


No. of 
particles Standard 
counted deviation 
725 50 
1,294 53 
1,304 64 
1,069 37 
1,263 36 
794 34 
875 37 
1,046 44 
1,561 33 
1,286 27 
891 27 
1,423 7 
1,290 23 
1,542 53 
2,510 39 
2,026 46 
1,044 45 
1,118 33 
1,275 46 
1,146 41 
TABLE 2 


PERCENTAGE OF PARTICLES IN GROUPS 10-60 Mu 


10-20 mz 20-30 my 30-40 40-50 my 50-60 my 


16 
23 
50 
45 
54 
48 
53 


20 
24 
19 
19 

8 

7 
22 


12 
14 
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HISTOLOGIC CELL TYPES IN RELATION TO DISTRIBUTION OF PARTICLE SIZES 


PERCENTAGE OF HistoLoaic Tyre 


kin’s Lympho- Granu- Clasmat- Fibro- 


locytes ocytes 
1 2 
6 
1 
34 
1 
8 <1 
9 
<1 <1 
5 
2 
<1 
30 


blasts 


<1 
1 


Endo- 


Plasma thelial 


cells 


<1 
<1 


<1 


<1 


cells 


Eosino- 
phils and 
polymor- 

phonu- 

clear 
neu- 
trophils 


Carci- 
noma 
cells 


98 


ll 8 
7 4 
5 2 
6 4 
6 4 
8 7 
2 4 
6 5 
8 4 
3 1 
4 3 
0 0 
4 2 

12 7 

ll 7 

12 7 
9 7 
8 19 
7 9 
8 12 
PERCENTAGE 


OF PARTICLES MEAN 


SMALLER PARTICLE 


THAN 
60 Mu 


SIZE 
(Mu) 


: 
41 17 
48 38 
88 9 : 
8 6 
‘ 
| 
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obtained in the 25,000 g centrifugation sediments 
from Hodgkin’s disease, other lymphomas, carci- 
nomas, and non-neoplastic lymph node cells was 
undertaken. The most striking characteristic of 
the four general groups of lymph nodes studied 
was the percentage of particles smaller than 60 
my. In the Hodgkin’s disease group and in the 
lymphoma group other than Hodgkin’s disease, 
the maximum number of particles occurred in the 
10-20 mu size range; in the carcinomas, the great- 
est number was in the 20-30 mz size range. The 
non-neoplastic preparations as a group had no 
predominant size range. 

The average mean particle size of the Hodg- 
kin’s disease group was 42 my; that of the lympho- 
mas other than Hodgkin’s disease was 24 my; and 
the average mean particle sizes of the carcinoma 
and non-neoplastic group were identical, 59 mu. 

No correlation could be found between the form 
of the histogram and the distribution of histologic 
cell types in the lymph nodes, and no correlation 
could be found between the form of the histogram 
and the clinical status or type of treatment of the 
Hodgkin’s patients at time of biopsy. 
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Fic. 1.—Particles in the sediment (25,000 g) obtained from 
«1 homogenate of Hodgkin's lymph node cells. Mag. 20,000. 


Fic. 2.—Particles in the sediment (25,000 g) obtained from 
a homogenate of giant follicular hyperplastic lymph node 
cells. Mag. 20,000. 
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Announcement 


A SUMMER COouRSE IN THE PRINCIPLES AND TECHNICS OF TIssUE CULTURE 


The Tissue Culture Association is again sponsoring a 
course of lectures and laboratory instruction in the prin- 
ciples and technics of tissue culture. The course will be 
under the direction of Dr. John H. Hanks, the Leonard 
Wood Memorial, Harvard Medical School, and will be 
given in the laboratories of the Mary Imogene Bassett 
Hospital, Cooperstown, N.Y. It will start on August 6th 
and end on August 28th, 1952. Tuition will be seventy- 
five dollars. 


The course is designed specifically for postgraduates 
(M.D. or Ph.D.) who plan to use cultured tissues in 
their research or teaching. Requests for application 
forms should be addressed to Dr. Mary S. Parshley, 
College of Physicians and Surgeons, 630 West 168th 
Street, New York 32, N.Y., and should be completed 
and returned to her not later than April 15th. Successful 
candidates will be notified about May Ist. 
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